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EH ` PROBABILITY ТНАТ И! HITS ON THE P-47 PRODUCES А KILL ---------------------------- 42 


Part I of this report presents the experimental determination of Ше ter- 
minal ballistic effectiveness of the various rounds fired for impact on aircraft 
targets. Included are the vulnerabilities of both gasoliné and* kerosene-filled fuel 
tanks, air-cooled and liquid-cooled reciprocating engines, jet engines, and‘ medium 
bomber structure, to the various rounds, 


Part It of the report estimates overall vulnerability of the P-47 fighter and 
the B-25 bomber, to fire against the P- 47 from the front and below and against tii: 
В-25 from the rear arid above, both from a range of 500-yards, Vuinerabilities:are 
presented for irom.one to ten hits-on the target. 


Part Ш utilized. the terminal ballistic data presented inthe first two parts 
and develops andemploys methods ior obtaining the overall assessments of arma- 
ment for a bomber turret and fora fixed gun fighter. In this part are considered 
the gun and ammunition characteristics, installation weights, distribution:of weight 
between guns and ammunition, the problem of tactics and effectiveness, and the 
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INTRODUCTION 


The so-called "Optimum Caliber Program" was initiated under tne authority of File.00 4.00.112/ 
21424 (с) on 23 July 1945. Actual firings against aircraft on the ground have been under way for over a year. 
In this ttme 287 aircraft of various types have been completely expended.and 5 aircraft have been partly ех- 

` pended. Since a single twin-engined aircraft contributes two engines to the engine phase of the program, 

fuel cells to the fuel ignition phase, and a structure to the structures phase, itwil be appreciated that a 
tremendous amount of detailed information is available regarding damage to all of the components of an 
airplane. у 

Insofar as future aircraft are composed of similar structure, fuel cells, or powered by similar en- 
gines, the information pbtained in the present tests can be.applied directly to the corresponding compcnents 


си Slight struct- 
ural changes, the vulnerability of future aircraft can be estimated. When certain components only are 
radically different (such as advanced designs of jet engines as opposed to the obsolescent I-16 jet engines 
available for these firings) some estimation is possible, but in any event, only the new component need be 
subjected to damage tests for the estimation of the overall vulnerability of the new aircraft. 

The purpose of the Optimum Caliber Program is not only to determine the probabiltty that a single 
round of present ammunition striking an airplane will cause damage in the various possible categories, but 
also to assess the overall effectiveness of complete armament installations, with the object of indicating 
the answer to the whole problem,-what armament should be carried by aircraft to meet various tactical 


of other aircraft, with due correction for presented areas and physical arrangement, 


situations. 

The present report therefore represents a progress report on the two complementary portions of 
the Optimum Caliber Program. In the first section of this report the results of the actual firings against 
aircraít are reported, and the conditional probabilities of damage resulting from a hit are determined 
from the experimental information. In some cases confidence limits are presented to indicate uncertainties 
in the information, Methods are given for combining the component probabilities to give the overall prob- 
abtlities that the airplane wili be destroyed if it receives any arbitrary number of hite. The second portion 
of the report is concerned wtth the events that lead up to the impact of rounds on the airplane. Tactics, 
fire control, exterior ballistics, armament weight, rate of fire, and dispersion, are a few of the variables 
which enter this discussion. Comparisons of armament are made for simple tactical situations, limited 
by the range of field data available at the time of writing. 

Methods of analysis as well as the values obtained from the experimental firings are subject to 
modification as the study progresses and more information is made available. The indications of the pre- 
sent report should be considered therefore, not as a final evaluation of the comparative performance of the 
weapons involved, but as an indication of the work being done, and as a tentative preview of the sort of re- 
sults which it is hoped to attain as the program progresses. 
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TABLE I 
Future Requirements, Optimum Caliber Program, 14 February 7 
Phase . Range Range Total 
А. Impact ‚ 500 yards 1000'yards 
1, B-25 Engines 73 60 133 Engines 
2. Р-59 Jet Units 14 0 14 Engines 
3. Р-47 Engines 117 40 157 Engines 
4. (а) В-25 Structures 42 39 81 Planes* 
(b) B-25 with Remain- 86 0 66 Pldnes* 
ing Energy Plates ; 
5. P-47 Structures 75 0 75 Planes* 
6. P-38 Fuel Tanks 
(а) Gasoline Filled 24 32 56 Planes 
(b) Kerosene Filled 23 31 - 54 .Planes 
with Armor Рго- 
tection 
(с) GaSoline Filled 21 0 21 Planes 
(d) Kerosene Filled 23 0 я 23 Planes 
7. Р-59 Fuel Tanks 
(а) Kerosene Filled 9 0 9. Planes 
B. Air-Burst 
1. 75mm vs. B-25 Engines, 10 Planes 
Structures, Fuel Tanks . ` 
2. 105mn: vs. B-25 Engines, 24 Planes 
Structure, Fuel Tanks 
С. Blast 
1. P-59 Jet Units 6 Units 


9 


Controlled Fragmentation 

i, B-29 engines, structure, 
Fuel Tanks 

2. р-58 Jet Units and Fuel 


am ee 


ans = 


3. ЕбЕ, B17, B29 


i50 Planes 
12 Units ($ Planes) 
Undetermined 


* Firing to be conducted against possible vulnerable areas rather than entire plane, 

Assessments consist of both a qualitative description and-numerical.assessrnent of the-damage 
caused by each round impacting on the target. Damage is described with sufficient thoroughness so that іп- 
terested agencies may make wider use of the results than would be permitted by numerical assessments 
alone. In general, description.of damage includes the location of the point of impact, of the point of func- 
tioning if an Н.Е. or incendiary projectile, of significant perforations, of effect of armor, of fire or other 
types of damage and of points of exit. Description of the type of functioning of H.E. or incendiary is made. 
The extent of fuel tank leakage, slowing or sputtering of an engine, loosening or jamming of control sur- 
faces, blast effect on the particular type of structure and similar pertinent observations are recorded, In 
tests on the running engines, the cylinder head temperatures, -manifold pressures.and.R,D,M..are.oilrc- 
corded. Small fragment holes which are not considered damaging are usually recorded in number only with 
lower and upper limit of size, Also in the description of damage are included such qualifying statements as 
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| 3 | p ra к 212” me stae. a EXPERIMENTAL RESULTS 
š e 5) Nor QI Tte зем терегі concerned with Ше analysis.of'irapact firings on aircraft carried ош at Aber- 
ہے وت‎ | Ў ^ — Been Proving Ground, through December 1946. A prior report! presented analysis ofthe firings up to May. 
رک‎ 23 M Диди 1353. А detailed description of the methods of testing and damage assessment employed in the Optimum 


n 


@ se? Caliber Program is contained in the first report.. Only such inforrnation-as.is required for the understar 4- 
аи ing of tke-data presented іп Ше succeeding paragraphs will be noted'in the present report. 


7 
Н 


Du ийй тал А ae و‎ 
موچ یلد لے‎ -- 
\ 


ie STATUS OF THE PROGRAM 
` ‘Phe mejor portion of the firings covered by this report were conducted against B-25 twin-engined 
7 medium bombers at arange of 500 yards. A number of tests were also made against liquid-cooled engines 
in the P-3 fighter, 1-16turbo-jet engines in the P-59 fighter, gasoline and kerosene-filled fuel tanks of the 
[+17 © oco ззвъевванакековепе-Шед tanks in Ше P-59. 
> B Appendix A lists the number of-firings in each phase with the various calibers end type of ammuni- 
Tien.emplogei, While most of the firings were carried out at a ground range of 500 yards, it must be re- 
memzered that ranges at which the sume striking velocity would be obtained in aerial combat vary with the 
relative velocities of the aircraft and with altitude. Table T presents the chief allocations of aircraft to 
uture firings 25 now contemplated. , In addition to this program, certain supplementary firings are antici- 
pated. The choice of othér ranges for supplementary firings will be made to give striking velocities obtain- 
ed in those tactical situations in which it is desired to evaluate the effectiveness of the weapons. 
For example, rounds fired from aircraft approaching head on at high altitude may have much high- 
er striking velecities than those chtained in ground firings at 500 yards, it is therefore anticipatea that 
Suppiémencary firings will be arranged under conditions providing these high striking velocities. The ex- 
tent and precise ranges for these firings are dependent upon the results to be obtained in the current 
Series of firings, and are not yet determined. It is expected that the number of aircraft involved will be 
| relatively small compared to those fired at 509 and 1000 yards, Firings at 1000 yards are now in progress 
and i is expected that analysis of these firings will form the basis of a later report, 
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BASIS FOR ASSESSMENTS OF DAMAGE 


| Report 437. The following brief summary pertains chiefly to the 
тігі. лез retorted on in the present report 


um oalisar PISTA, Вай} 
Ке ze 5 r Program, Башвис Research Laborateries Memorandum Report No. 437, by Arthur 
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` Š SDN. s C Sma Katha ning asséssmeits more meaningful; such as: ‘special, ы да of flight conditions not be classed as "С" damage. An immediate kill, KK, implies 100 "C" damage, In assessing "C" dan.age, or 
| ^ ES v а: previously considered. hese asséssments are then issued in the form: ‘of Aberdeen Proving Ground Fir- f in fact any category of damage, it is assumed that the pilot will remain with the-nlane and try to: prose- 
We = е; 
р | ۶ ing Rê rds. š رر‎ Е. cute the attack, even though "bailing out" is feasible. The assumption’that the attack is 2 1/2 minutes a- 
ЕА Y i г. E tare зе پت‎ ` МЕ 
о p TUE и eae , Assessments of aircraft dámagé йеп Ве vary-according to ше tactical situation. For this reason, ` way is also an important one in cvaluating "С" damage, "С" damage will be treated in а later report. 
js det UP کو‎ Š sofas :ãsSumpticrıs must be madetó which the assessments apply. The following assumptions, com- (® 'E" Damage is the probability that the plane will be structurally damaged while landing. ("D" dam- 
o 5 plisdsfrom combat reports and assessors’ conferences, are made with regard іо the:B-25 medium bomber, age, which-pertained to man hours required for repair of-damage has been omitted and 15 not assessud.) 


Ns ў hohe: alrorafbisslh: Jevekflighty vat emaltitude-of 10000 ft., with а speed:ot 200 mip:h. TAS, опа "E" damage will be treated їп a later report, 
= 3 5010. mission. It 15 ичизфотр run-and 152 1/2 minutes from the-point of:release of bombs. 


No evasive action 15 necessary. 
Е ` بس یرہ‎ The target [S:an area.of 5007: 1000 feet. 


‹ 
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Compound Damage. Any round fired into ап undəmaged.area or component may be given a single 
shot assessment, A round fired into a previously damaged area or component will result in compound: 


i E 
7 } " " + 
| i ї 7 | و‎ The boinbelght is. — for 200 m.p.h; IAS and-any-deviation from-that speed at the time of re- I damage, and a compound assessment'' 1з given to the combination of hits ш the area. 'The compound 
Vd. Me ‘lease of. bombS.would effect which is known аз "С" damage. E у Ë assessments аге used in evaluating the conditional probability for obtaining such damage in actual combat. 
я š |. $i E 4. Each:englne has а: spring-loaded throttle on the carburetor thai-will.maintain 30" Hg manifold Cumulative Damage. Cumulative damage assessments are given for damage to the entlre plane in 
E 5 . Pressure in event tlie throttle cables are severed. the phase being conducted. Thus whereas two hits on the same fuel cell may cause both compound’ and 
' . ' $ 1 ‘main ft 1 с 
Dom : 5. Тһезайгогай flies to the target on fuel-In-the auxiliary wing celis and has all four main fuel cumulative damage, two hits on tanks on opposite side of the plane may be assessed singly and also cumu- 
= cells full for the return to "Базе". А 


EO : @ On twin-angino opëration 125 gallons per hour are consumed: = latlvely where Ше resultIng damage to the plane is greater than would be expected from the single shot as- 


гуа т . 
Ж » (9 “On'single-engine operation 180 gallons per hour are consumed. везвтешз alone, 


P, i А 6. Both pilots аге as competent as possible, know all emergency procedures, and each member of | Assessor апа FOO Directors : 2 
5 ‚© е Дай E the crew has a working knowledge of every other man's assignment, i The validity of the terminal ballistic data obtained from firings against aircraft depends to a great 
j ds 7. The aircraft is equipped with диз! surface-control cables throughout the fuselage. i extent on the technical knowledge and experience of assessors and proof directors. The men assigned-to 
и up Р 8; The hase! "landing area |с-а ‘steel mat 100 feet wide and 6000 feet long. | е ы this program have been careful and conscientious in their work. They have Раси contributed the independent 
= 9. The mission is-to дРор 12 100-15 G.P, bombs on the target. е judgment required and have not hesitated to go far atfield.for sources of information which would aia-thom 
ê s , Definitions of-Numerical Assessments | In improving damage assessments, Acknowledgement 15 а1$0-4це о the assistant assessors and crew 
> Па ече: ‘assessed in the.following four categories: 32 | chiefs. Their job calls for infinite patience and they have effectively increased Ше amount of data obtained 
" А E ръси "А"-Пашаре-15 Ше probability- that-the aircraft will start to fallor go ont of control within a period ре from any one plane. In certain instances they repaired over 20 fuel lines in damaged jet engines:to-add опа 
Е д of five minutes from-the-time itis hit. The letter "К" In the A column denotes a crash immediately without M E additional round to the scanty data for such engines. The assessors, assistant assessors, crew chiefs and 
қ any reasonable doubt, The letter "KK" inthe A column denotes а crash immediately without any reasonable = | proof directors connected with the program from July 1946 to December 1946 are listed below in Table 2, 
doubt and ín addition denotes complete defeat of the attack, Such a designation will Indicate for example ! i е 
| that a-Karnikaze.attack upon a ship will be defeated. A kill of a fighter pilot would be а "К" kill; an explo- i 
; Sion disintegrating Ше plane would be а "KK" kill. 1 е TABLE 2 
1 "В" Damage is the probability that the plane falls to return to base as a result of the assessed dam- Assessors and Proof Directors 
4 age, the base being two’hours away, This probability includes the five minute period immediately after the | Assessors 
d | - burst aS well аз the time required to return to base after the five minutes have-elapsed. Thus "В" damage г š Name Speciality Organization 
i клен ы ные be equal to or larger numericatly than "A" damage but will never exceed 100%. l : Col. M. ЧЁ Engines Powerplant Lab, A.M.C. Wright Fld., Ohio 
- Ж т! ; 
| А Е Де: ция zt A" and "B теди may exceed 100% and ап assessment of 100 "А" implles ан assessment р n ee ee 7 E AUR Те سو‎ чег, end 
: Lt. Col, M. Brennan-RA 33154 Engines Powerplant Lab. Wright. ЕН... Ohio 
ДА Ж. "С" Damage اھ:ط١‎ probability that the particular attack will not be completed. It Is-possible to have Maj. R. D.-Stringar Engines Powerplant Lab. Wright Fld., Ohto 
l ee G" damage glthough.no "А" nr. "В" damage-sxists. Thus, damage to guns, bomb release rirechanism, controls € pres ү тше (USN) ای ا وا ات‎ d. OMS 
== . E. З L , 5; 
2 e whose.loss would interfere with the prosecution of the attack, or personnel involved in-the attack, would Lt. M. С. McKInney (USN) Structures Bureau of Aero. U.S. Navy 
E 12 ———— 5 ы ا‎ == З Ч - —U 
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3 magnetors attached to Ше supercharger rear housing cover. The right hand magneto fires.the front spark 
plugs and thé left hand magneto fires the rear spark plugs. Views of the B-25J-and ¿he-R=2600 engine;.the 
ollend fuel. svystem-are-picturés in Figs. B1-B4, Appendix В. 

The P-38L is a twin-boom, single place munoplene fighter powered. by two 12. cylinder "V" 
type liquid-cooled Allison engines. The left engine is a type V-1710-173 with counterclotkwise:propeller 


. rotation. The right engine is a type V-1710-111 with clockwise propeller rotation, Two-G.E. type B-33 ex- 


haust-driven.turbo superchargers are mounted'in each forward boom. A Curtiss electric, full feathering, 
three bladed propeller is installed in-each engine, Each engine ignition system consists of à dual, high. 
tension magneto, booster coil, two distributors, ignition harness, 24 spark plugs-and an ignition switch, 
The engines are liquid-cooled with. ethylene glycol by separate cooling systems. An independent pressure- 
lubrication system provides oil for each engine. Included in each system 15 an oil supply tank, pressure 
pump, oil strainer, scavenger pump and.associated accessories. Views of the P-38 airplane and:its-en- 
gines are presented in Figs. B5-B8, Appendix В. 


The P-59 Airacomet fighter is a single place, midwing, land monoplane powéred by-hwo _ СЛ 
General Electric 1-16 Jet Propulsion Units; Thrust is.optamed.by jet propulsion. The 1-16-15 an internal. 
combustion.gas.turbine engine (see Figs B9-B12, Appendix B). Each engine has a controllable speed centri- 
fugal compressor with double-flow impeller. This compressor is mounted on anti-friction bearings on the 
same shaft as the turbine. The compressor takes in the rammed air from the engine nacelle, comprésses ٠ 
it, and discharges it into the 10 combustion chambers. Here, it is.mixed with kerosene sprayed under high 
pressure into the aft end of each chamber, and the resulting mixture-burns with a-very hot, continuous fire 
in а similar manner to the continuous fire in.an oil furnace. Since the fire is continuous, no spark plugs 
аге-пеедей except for starting. The hot exhaust gases of this combustion pass, by means of a duct in the 
forward end of each burner, through the turbine wheel, causing it to revolve continnowsly, The-compressor, 
being on the other end of the-shait (which is the only major moving part in the engine) is thereby driven by 
the turbine in a self-sustaining process which continues as long as fuel and air are avat!ahle; The hot gases 
pass through the turbine, their direction of flov 15 straightened by the tailcone, and they then rush out of 
the tailpipe at extreme high velocity. The speed of the compressor is controlled by the throttle, which regu- 
lates the amount of fuel injected into the corabustion chambers, and consequentiy the {iow of gases through 
the turbine. 


A description of the P-47 (R-2800) and the B-17 (R-1820) engines and a detailed description 
of the method used in firing against engines, аге contained in BRL Memorandum Report 437. Views of these 
engines are presented in Figs. 13-17, Appendix В. $ 


b. Method of Firing and Assessment. 
1) Reciprocating Engines а 
The-order with.which-rounds impact оп thé Various parts of ап éngine is important іп 
any determination of the probability of akil, becausaé of possible cumulative damage. For this reason.the 
engine is divided into a number of sections of equal presented areas to which random numbers are assigned, 
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`. Name x 8 7 . Speciality _ и -Organization 
= bfe, وہ > ا‎ Strüctures- Aircraft Lab. | Wright Fld., Ohio 
“ Ме, j. Wood . ' в `. Structurés --- `Аїгёгай Lab. کے‎ Wright Fld., Ohio 
Lt. G..Jounson © a  . Engines . Powerplant £ Wright Fld., Ohio 
Cpl. А. Howes. ` Structures. Aircraft. Leb, Wright Fld., Ohio 
ә Рі, Н. Miller Engines х Powerplant Lab, Wright Fld;, Ohio 
> — Рк.В. Coffman Structures Aircraft Lab. Wright Fld., Ohio 


Engines . ‚ A&A Division. Aberdeen Prov, Gd. 
Structures: A&A Division Aberdeen Prov, Gd, 
Structures A&A. Division Aberdeen Prov, Gd. 
* £ © - 
?'Assistant Assessors: - 
I 22 M/Sgt. A. Curry: Structures Middletown: Air Depot 
و‎ 0 2% T/Sgt.M. С. Murphey Structures Middletown Air Depot 
Ж 2 a ~ M/Set. J.P. Fortér Structures Middletown Air Depot 
526 نے — ین‎ E ہے‎ M/Set. А. 1. Bezek Engines Middletown Аш Перо 
2 چو‎ Crew Chiefs 
5 of . M/Set. O’Malley 
5 M/Sgt.' Biley 
s: -M/Sgt. McCormick 
-o ‚ M/Sgt..Brosius 
) M/Sgt. LaForge 
M/Sgt. Snyder 
-Proof Directors 


Mr. 8. P. Willan (Project Engineer) 
„Мг. Е. E. Watts 
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VULNERABILITY OF COMPONENTS 


Inthis section of the report wiil be described the vulnerability of various aircraft components as 
obtained from firings їй the Optimum Caliber Program, 
1. Engines 


Firings against running engines expended 102 B-25 and 24 P-38 engines in the period covered by 


this report. In addition 15 P-47 and 12 В-17 engines had been previously expended and the results sum- 
marized in BRL M 437, 1 July 1946, 


a, Description of Targets 


7 The B-25J medium bomber isa mid-wing land monoplane. Two radial air-cooled Wright en- 
ginés, Series R-2600-13, or -29, drive the three-bladed full-feathering Hamilton Standard Hydromatic 
__ Propellers, Each engine ЗЕТ СИК ett зиме 42 


TE أعجوسوء‎ With its own fuel and oi] system, The 14 cylinders are.attached to the 
crank case in two rows of seven cylind | 
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The right engine was-then-shut-off and: the-coolan. drainëedifFom the engIn8, The engine was 
restarted and run at 2300 r.p.m. The engine started to cut and ‘slow badly after 3 1/2. minutes. After 14 
minutes of continuous running the engine.caught-fire. It.stopped frem fire-damage after 18 minutes. 


The left engine was then drained of both 01) and coolant and run at 2300 r.p.m. It started 
losing power after 2 1/4 minutes and seized-after 2 1/2 minutes running time." 


d; Results of Firings Against Engines ; ° ge 
1) Confidence Intervals 


The primary limitation on any conclusions to Le drawn from firings to date is that of 
samne size, It is desirable to measure the probable influence of sampling fluctuations, and-this-cen-be 
done by finding the confidence limits fer-the estimates of damage. Confidence limits are values-based on a 


Дада 


р 


sample which will include between them the true probability of damage a preassigned fraction of Ше time 
(caiied the confidence coefficient) in repeated sampling. Most of the results in this report are presented 
in.the form of probabilities, These probabilities are usually quite small and in general are sufficiently dis- 
tant from the value of 50% so as to make the underlying binomial distribution an asymmetrical опе, It 15 for 
this reason that confidence intervals rather than probable or standard errors are used to described the prob- 
able influence of sampling fluctuations, The non-normality of the binomial distribution for small sample 
sizes and extreme values of probabilities renders the standard error confusing as a descriptive measure 

for the purposes of this report. Moreover, a comparison of confidence intervals for results obtained’ іп two 
different tests serves as a useful guide to the statistical significance of differences in averages obtained from 
the two samples. The confidence intervals used in this report are завой on a confidence со: йсіепі of 95%. 
Thus 2.5% of the time Ше true probabilities оға КЇЇ) would lie below our lower confidence interval-and.2,5% 
of the time they would lie above our upper confidence interval. Í 
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2) Description of Results for Reciprocating Engines 


The damage assessments to various types of engines are summarized in Tables Cl 
throvgh C9, Appendix C. The results are illustrated in Figs. 1 through 7. The "number of hits" referred to 
in the tables of Appendix C pertain to the number of fair impacts on the projected azea of the engine. A 
fair impact is one whose effect could be assessed as single shot damage. 


It is evident from the firings against engines observed to date that the cumulative "А" 
and "B" kils were largely the result of damage caused by a single round. This fact, coupled with the rela- 
` tively small probability of getting large numbers of rounds into one engine in combat, resulted in the de- 
cision to omit analysis of cumulative engine damage from the-present report, It is hoped that the effect. of 
cumulative damage to engines may be fully summarized in a report on engine damage when all firings 
against engines are completed. 


1 Fora fuller discussion of the interpretation and methods of computing confidence intervals‘the reader is 
referred to "Mathematical Statistics", by S. S, Wilks, Princeton University Press, Princeton, N. J., 1943, pps. 
122-123. - 
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; 7 2) Jet Engines 


z Firirg against jet-propulsion units installed in aircraft requires a procedure different 
لے‎ from that for recipreaating engines. This-is necessary because the supply of jet units for these tests is 
са ИДЯ and St ia therefore required torepair damaged units after each round, if practicable. In order to 


в cotain а maximum number of single-shot assessinents, firings are conducted-against the least vulnerable 
components first, Firing for compound damage is here sacrificed in order to obtain.as many single-shot 
ezceczmentz 42 росоиые, The information obtained from such firings, while not very extensive for any one 


2 ٠٠ сет, wit be cf great value when coupled with controlled damage experiments conducted at Wright Field 
- by thé Ак Materiel Command-of the Army Alr Forces, 


The physical set-up for firing of jet units differs from that for firing reciprocating 
engines. А slave engine Ts used to provide a ram for the unit, In addition, certain instrumental readings 


+ 


Lecome песессагу Гог damage assessment, The т.р,ш. of the turbine, the telipipe-temperature uida mess- 


7 Wes مرک‎ ince 2ге obtained. The firing position for firings against P-59 engines is shown in Fig. B18, 
| Е PU کک‎ Бури В, 
i c. Supplementary Tests 
$e БЕТАЛ 437 contains а description of a test to determine engine running time after the loss 
^f a л: 7T p + رت‎ T 
uec f ef, "Phis tect was made with an A-2200 (P-47) engine and with two R-2600 (B-25) engines. In view of 


these tests on engines with لاہ‎ completely shut off, the assessors considered they wére justified in assessing 


58 1925 at not more than "B" damage, regardless of amount 


ii = da 


` Similar tests were run with liquid-cooled у-1710 (P-38) engines to determine the running 
time after toss 


5 of ccolant and.oil. The assessors’ description follows: 


"Both engines 
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Were given a preflight and daily inspection and each engine was гип for ар- 


prowlmately 5 minutes until š epee : armors 
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р be. اط چیک دہ ادا‎ and the dofresporliing figures serve to illustrate'the impor- 
وف‎ to. eñgiño- Sünerability ofthe, 1ще óf ‘fire, and'of the. engine type. Тъцз Ше B-25 engine displays greater 
2-220 especially noticeable‘ Лог. те. Cal. 0; 50 АРЕ, -M20. and the.37mm:HE, M54, When fired upon 
from; Же-геаг. апа. 20 a compared. to. fire. from rear and above ог from the ‘front. 


In gerieral, the most prevalent sérious functional damage to air-cooled engines is to 
the lubrication.system. Liquid-codled engines аге, in addition, very susceptible to coolant damage, It 
should be remembered that impacts were distributed randomly over the presented area-of the engine. There- 
fore, if some obviously vulnerable part is not reflected as-a serious source of damage, it is probably too 
small ог weil-protected to-be hit often. 3 


3 > 
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E =. B 5 “The various ali-cooled reciprocating type, eñginës (B-25, P-47,.B-17) display: in‏ شر 
о general? the same order of vulnerability. Th “Тһе е combined. results. for these three type of engines аге presented‏ 
в in Table ‘сэ, Appendix i С and Figs. §.and 6. "However, the. liquid-codled reciprocating. engines (P-38) and the‏ 


4) Vulnerability of Jet Engines 


n 44 General Electric 1-16 jet engines installed in 22 2-53 Lwin-jet fighters -have been 
۹ را‎ jet engines (P-59) 'are'far more: vulnerable than the ап thé air-cooled’ reciprocating engines (see Tables.C1-C10, received ог use in the Optimum Caliber Program. Of this nimher a total of 5 planes or 10 individual jet 
: Figs 1-7). _Theair-cooled | engines: suffer far greater "B" damage than "А largely due to the vulnerability units have been expended. Recause of the limited number of jet engines available for test, the méthod бї fir- 1 
St EA г още jubricallon system, Large ой датаве, obtained quite often with even the smallest caliber used in the ing has been modified. The least vulnerable areas of the engines are fired upon first. Subsequent rounds | 
DRM program, willhotresult in an engine ки: in five minutes ог еве ("А" damage) but will definitely cause the | are aimed at areas of increasing vulnerability until a single shot kill کا‎ obtained. Table C10, Appendix С, | 
x bod e dii tnetwo nour limit dérined for "B" damage. The liquid-cooled engine has thé Additional де and Fig. 7 summarize the results of these firings., я 
E "hidndicap : of the cooling-systerh., The cooling system contributes to "B" damage when damage causes loss-of на | | Upon the insta ctions-from the Office of the Chief of Ordnance, the Cal. 0,50, API-T, | 
5 Кж کے‎ -it represents:a source of "A" dámage-in that thë-ëoolant, ethylene glycol, is inflam- R | M20 firings were supplemented by firings of the Cal, 0,50, Inc. 1422, and-the Cal, 0.50; APT, T49.. The latter | 
PM амзап. support fires large enough for an "A" КШ. 8 = ү two types are 500 grain projectiles with a muzzle velocity of about 3450 t/s compared with the-675 grain : 
weve $ i کے‎ TI Significant:téo.is-the relatively iow vulnerability of the B-25 engines when fired fro: e M20 projectile, which has а muzzle velocity of about 2950 1/5. The heavy API, M20 and the light incendiary 1 
ez the re Tear and. above’ {except tó the German Sem.) The tistallation affords large protection to the engines and < M23 appear to be equally effective, both projectiles being superior to the light API, T49 projectile. 
A e most #ounds arerefíecti ively. rendered harmless: Бу ще intervening structure, especially the main spar. The s It is considered that the vulnerability of the jét engines is sufficiently important to 
5, в v š, German. Зет, a beh capacity гош, was assémbled with delay fuze during most of the В-25 engine firings жон; warrant a detailed account of damage. Table C11 presents the chief sources of damage for each impact on 
Е s 9 дош the. теат, whereas it.had a supérquick ‘fuze, ior firings from the front, The greater damage with delay | 7 the engine projected areas with Ше varióus types of ammunition employed. The German 3 cm high capacity 
| 3 ү 7 В. Ў ا چا‎ throughout: the-firings and accounts for the fact that this round appeared more effective > ' HE shell was fired into a.dead engine. The resulting structural damage to the engine clearly indicated ап 
wee agitis anéies from the rear and above than front and:below. Firings are now being conducted with both 7 immediate kill. This round contains the equivalent of 1/4 1b. of TNT and the blast damage was of'itself 
E 2 Ва = А E and delay tnzes: -Íor this round. апа ће comparison. of effectiveness will be presented upon their з sufficient for а kill. 
à D «completion. Also of interest Is. Ше cómpartson. ofthe two Ce, 0.60 rounds (APT and Incendiary) against the ы. . Both the'20mm HEI, M97 and the German 3 cm shell were statically detonated in various 
2 » OF у ان‎ Ж їйша-бобтей. P-38 engine; Tlié-armor-piercing incendiary round is relatively more effective when fired سس‎ 5 positions inside the tailpipe of dead 1-16 engines, Since no information is presently available regarding the 
: ? ae Š ` from the front, wheresit can penetrate'to‘the cooling system more easily than the incendiary round. How- significance of various sizes of holes along the tailpipe, it is proposed to conduct a controlled tailpipe damage 
| 5 | d , ever the incendiary; ammuaition is more effective for firing from the rear and above with the cooling sys- experiment which will yield the loss in thrust resulting for such damage and also the temperature distri- 
d Я À чета easily-accessivle to it. , P bution in the vicinity of such holes. Tailpipe damage may thus be evaluated for various types of shell with- 
г Е Р 3), Engine Component Damage out the expenditure of any óf the scarce jet units, 


Controlled burner damage experiments have been conducted by the Air Materiel Com- 


4: One important by-product of the optimum caliber firings is informatio: ding the 
i 0 Е $ ا‎ T ji nd ee ae š таап, Army Air Forces at Wright Fid., ohio. From these and other battle damage tests, 2, 3, 4 it is hoped 
2 relative-vulnerabilities ofthe varlous aircraft components and sub-components, By use of a coding system 
— x on thediring records-the-damake-Lo-ehgInë components was Classified. The results are presented in Tables “ваше E toa ا‎ PS СӨ EY pA Ae IMP: Simulated Gunfire", Аш Tech- 
i К 5 nical Service Command, Ar ў 
5012 through C19 ín AppendixiC, There are listed:in these tables, for each type of engine and ammunition ie حا‎ Sa E سی ماف ےد‎ E А Тоны Залы ойынша; 
; ty š ; еа ге E 
. employed; the relative frequency of hits on the component (several may be hit with one impact) and the Army Air Forces, TSEPL-525-299, 1 September 1945. 
maximum, the minimum:and the average assessment.assigned to hits on the component, Classification was 3 ۱ 
A It: Ц 
я “made with-respect to the components.themselves.and-also with respect to the functional: system affected by P-80 Battle Damage Tests", ATSG, Wright Fid., Ohio, 9 October 1946. Е 
ss 0° 
„Р coe “the. damage. Thus the oil cooler is a component which affects the lubrication system, қу yinerability of Turbine Engines-Second Running Trial", Orfordness Research Station, O!R.S, Е. 7357 
DEUM ! қ — — June 1946. ў 
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The Р-59 jet aircraft used in the.tests. contain four self-sealing fuel cells ‘in-edch.wing 
having a combined capacity of 290 U.S. gallons (see Fig. D3, Appendix D). Provisions are made to carry one 
75, 110, or 159 gallon auxiliary fuel tank under each wing. The fuél is supplied from the wing to the engine 


азу û x ниве. models — engines t to various ends о ammunition, 
ا‎ sud tt is hoped’ to present а detailed: ‘analysis: and. summary of jet- engine damage tests con- 


یی © 


driven pump by conventional electric booster pump. The main engine-driven fuel pump steps the fuel pres- 
“auéted at Aberdeen and elsewhere upon completion бѓ ће current series. of firings, Study of the effect of 


blast ‘and fragments-in addition to impacting, missiles is contemplated, The probable effect of changes in 

` urboj et- design and.of multiple jet nacelle, installation on jet vulnerability wiii also be treated. In particuiar, 
° | the large contribution of fuél damage. to the I-16 vulnerability must-be considered:for any extrapolatiori to 

other | jet nein урен, such as the I-40, where, there-are smallér presented areas of fuel lines. The Aberdeen 

° Proving G Ground firing records contain шеу detailed descriptions of damage to the С.Е. 1-16, 
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sure up а5- Мей as 500 psi. "Line iosses" cause this pressure to drop to about 300 psi by the time it gets to 
the engine, High pressure stopcocks operate instantaneously to.provide.a sudden spurt of high pressure.fuei 
(45 to 50 psi) to the burners fcr prompt starting and provide the quickest and most positive means of shutting 
off the engines. 
b. Method of Firing and Assessment ; 

АП fuel tank firings conducted: during Ше period covered by this report were against 
fully loaded self-sealing fuel cells. Over the target the plane usually will have almost half of its fuel ex- 
pended, and half the ceils are likely to be empty or nearly so, Firings against the A-35 fuel cells {sum- 


€ о е Та 
ve ‘ : — .2, Fuel Tanks 
та " A total бі 26 P-38, 4 P-59 and 13 B-25 aircraft were expended in firings against fuel 
tanks, in the, period covered-by:this report. 53 A-35 aircraft previously expended in fuel tank firings were 
reported in BRL Memo, Report 437. 
© - For the purposes.of this program, the fuel system is defined as the fuel tanks or ceils 


А A. ee 
SEE af and”fuel.lines-ex¢lusive of fuel lines in the engine accessories section, Damage to the latter is assessed 


marized in first report) were conducted with half the fuel cells surviced with only 7 gallons of gasoline, to 
give a saturated vapor, However, Ше combustibility of the vapor-air mixture is critically dependent upon 
the temperature, Tne mixtures in the freely vented cells are too rich for combustibility-at temperatures 
above 20° Е. It was evident from'the-A-35 firings that outside of the dangerous temperature zone these 
"empty" cells contributed negligibly to vulnerability, For JP-1 kerosene the dangerous temperature zone 
exists at about 10027. and higher (see Fig. 85. Temperatures at Aberdeen are too high for explosions in 
gasoline and too low for explosions іп JP-1 kerosene vapor -filled vented tanks to be expected. 


ий 


# "with engime.damage. . aA = 
а. Description of Targets 
PE : - The B-25 medium bomber has an independent fuel system provided for each engine 


1 

2 
(sëe. Figure D1, Appendix D). The chief sources of fuel supply аге four large selí-sealing wing tanks called i. For most fuel tank firings included in this program, rounds are fired singly and as- 
: i. 


sesment for any cellis made after each impact on it, АП rounds, excepting high explosive or high explo- 
sive incendiary, are aimed at the projected area of the fuel tanks, The НЕ ог НЕ] rounds are, in addition, 


thermain tanks. There are.two.main tanks located'in each wing center section between the-fuselage and the‏ کت کت 
engine.nacelle. The front and.rear main tanks in each wing are interconnected oy a line which extends from‏ 


aimed at varying distances from the projected area in order to determine the contours about the tanks with- 
in which the round could inflict fuel celi damage. 


the-renr tent tc:an:2dapter-micuntei onthe front tank, to which an electrically operated booster pump is 
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attached. Six адд опа! fuel cells are provided as auxiliary tanks, three interconnected cells in each out- 


ы 5 э” 5 11 и 
board section of.the wing. The B-25 $ is also sometimes equipped with а self-sealing fixed bomb bay tank, | Present fuel tank firings include the installation of a "slave" engine which provides а 


located in the upper portion of the bomb bay. A bomb bay droppable tank constructed of aluminum alloy is flow of air past the wing Such as would be obtained in flight. Previousiy, assessment of fire damage was 


often bolted to the support-of the fixed bomb bay tank. It is assumed that the bomber under attack in this re- ۱ handicapped by the lack of an air stream, Small fires may be blown out by such a stream, Information ob- 
port dóes:not contain either the fixed or the droppabie bomb bay tanks. The front main tanks each have a tained from the Army Air Forces indicates that a speed of 110 mph IAS could extinguish a surface fire (which 
Capacity of 184 gallons; the rear main tanks each have a capacity of 151 gallons; and the three auxiliary tanks i _ does not burn more than 3 seconds in streams of 200 mph or greater). In no case could an internal fire be 


in each.wing_have a combined.ca»acity of 152 раЙопз. blown out by such a stream. 


Particular care is taken by the assessors in designating as a compound assessment one | 
given for a round impacting on а damaged tank or in an area into which fuel has leaked, The leakage from a 
full fuel cell which is obtained without accompanying fire is assessed according to the amount of fuel re- 


The P-38 fighter has an independent fuel system provided for each engine (see Fig. D2, 
Appendix D), The chiéf sources of.fuel supply are two main tanks, one inboard on each wing, each with a 
capacity of 93 0.5. gallons. In addition there are in each wing an outer wing tank witha capacity of 55 gailons, 
а reserve'tank with a capacity of 60 gallons and a droppable tank with a capacity of 165 gallons. All the tanks 
` à with the exception of the droppable tank were used in the firing tests. Ali the tanks uged-were.gelf-sealing- тез 


E 
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тыз chart is reproduced from one cbtained from Power Plant Laboratory, Air Materiel Command, Wright 
Fid., Ойїо. A series of reports nave been issued-oy- -this laboratory which contain detailed data on combus- 
tible ranges of temoerature tor many types of aircraft fuels. The tities of these réports were not available 


1 
aj 
d at the time of writing. Also сее ТЕР No. NPG. 2599 = "Simplified Tests.to Determine the Vulnerability of 
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Fuel is supplied to each engine by an engine driven fuel pump andan individual booster pump for each tank. 


These‘tanks were used for both gasoline and kerosene firings. Jet Propelled Aircraft Fuels," 'U. $. Naval Proving-Ground, Dahlgren, Va. 


ч ہی‎ =- — — > ki Е 
CONFIDENTIAL .É CONFIDENTIAL 


_ en ` 


2 — —— NUES WES В OPER fei SUES, FORE - ot дасе =. ОСЫ ОЧЕН КЫЙ: * "TS eue a I. ewm y ——— oe e ہد ہس ےجرد کہ ہیں ہرود سی ہیں‎ рс тоя NP PUE D E EST қ 
Ка می او‎ Tent fan One СТЕ OUS ЖҰМЫ р + мо 121 ^B dg 7% Sx ) ео o j جج‎ 
. * ` INE نج‎ С. % 4 n فی ہر‎ i - - on A TE ч ` 4. 9 DES Y 95 RUNS M. 
қ k. . < 
, i Қ Ў 
“.. + 
: 2 м ] Хы Ж . <. а 
i - > 7 ç А Š 
ә. ó 3 г - 2 g к u 23 + < 
& : 7 : 3 Ж 0 
` 
д 3 è ES Yo! > EE ç & eee 
P. ACRI 22 d 7% + 1 ys. аа arr 
, + Қ — x = 
^ А я 7 ° 4 < 22% سے‎ PA 
` - 2 3 - 
т < bor | 7 256, 2 ж; “< $ % 
A p E 


V ° Ф 9 © 
-> 9 А ° 


а. چو سے‎ > e یا‎ ge аа ра ^ 2 жЕ x А 
PN Š $ 
ہے‎ ls: ИУ y 
ЖЕ 
CONFIDENTIAL | CONFIDENTIAL : _ 19 Е 
7٦ Е m " 3 ЖҰЗ PEE е N 5 
шаша dor the trip. back: 1o he home base. ` The-subsequent round into Vi а-се1Ї.15 not considered- a-fair-round kerosené as against gasoline is significant. In fact, no.single-shot kerosene fires were obtained with the 
% for the.calculasion of single shot probability öf ë dampge. However, such а round-will yield useful information Cal, 0,50 АРІ-Т, M20 and very few with the Cal. 0,50.Inc M23. However, the lower’volatility of the kerosene г 
> for the estimation yf compound damage based. да the probabilitles of-obtaining a fire whén a round is fired dees not reduce the probability of obtaining compound fires (see Table E2) and, once leakage has occurred, 
> into an alredidy Tesda cell, S e subsequent impact would seem to cause a fire as easily aS with gasoline, Although there were too few fair 
Fuel tank firings are the most costly from the point of view of number of fair hits per impacts obtained against the A-3£ fuel cell significantly.to demonstrate their greater vulnerability, never- 
р <, alreraft epered. Because,of tie.eyer presënt danger of losing the-entire plane before-all the available theless physical reasons exist for this-to be so, The main tank only was fully loaded in the А:35 firings: f 
E D hi UOCE ES ‘fueltank. informationiis, obtained, iti is- considered best to fire at each loaded fuel cell once until all cells я and:this. tank is a relatively tall fuselage tank, Consequently,.rounds usually impacted on:the:side-of the ! 
A Я 1 р havesbeen hit. Thereupon, if these first rounds-have not о the plane, subsequent rounds are Нгед 54 tank rather than on top in firing from.the rear, with greater damage due to available fuel pressure at the . -== 
€ Ц г poe in order- io obtain the: probability of getting-cumulative-damage-where leakage already exists, bullet entrance hole. 
К 1 ات‎ e - - “о, Supplérióntary Tests = ] The last four columns in Table E1 list Ше average single-shot "A" апа "B''assessments 1 
Pup ایت‎ | Tu $ fe PE - , -Beveraltests.now in progress апд also to.be-conducted in the-near future are designed г К given to those hits causing fires апа to those hits causing leakage without fire. 4 
š M ip i E 2: to supplement: ‘information obtained from firings against aircraft. Such tests are concerned with the actual Ж The last two columns in Table Е2 list the average "A" and "B" assessments given to | 
ҰҒЫ Ма: mechanics біздей tank ignition and includé ignition of fuel tanks:by fragments. One such test, recently 4 fires obtained in previously damaged cells. In each case Ше assessments pertain to the corresponding type : 
pes ds completed, involved the detonation of a 20mm high:explosive incendiary round in the middle of a fully loaded 7 of alrcraft. It is clear that the relative frequency of fuel fires and leakage 15.по sufficient as a descrip- : 
t 2 22 i B-17 main fuel tank, The lack of fire:served to verify and emphasize the importance of ignition of the va- i | tion of fuel tank vulnerability, The severity of fires and-the location of fuel tanks are important to Ше over- | 
; ) | М porized fuel at the surface of the tank. ۱ г all vulnerability of the fuel system, In general, it appears that the higher the probability of causing a fire, | 
А "4, Results of Firings Against Fuel Tanks ry the higher the severity of fires when they do occur. The Cal. 0.50 ammunition caused no single-shot fires i 
С ‘The single-shot damage data on gasoline and kerosene-filled fuel tanks are summar- hed which had any chance of causing the plane to crash within five minutes, Among the small calibers, only the | 
1264-10 Table E1, Appendix Е, Table E2 lists Ше corresponding compound damage, Tables E1 and Е? in- i i Cal. 0.60 displayed the ability to cause any appreciable single-shot "A” damage through fires. This may be - | 
clude all fuel tank-information obtained in the period ending 1 December 1946 and repeats, for purposes of En due to the relatively high striking velocity for this caliber, resulting in more two-wall penetrations of fuel 
comparison, results of firings against A-35 fuel tanks reported 1n detail in BRL Memo. 437. There have | А cells. The 20mm rounds resulted in fires causing good "В" damage but not enough for high "А". It is ех- 
_ been-a large-number of firings against fuel tanks at 500, 1000 and 2000 yards, both from the front and from 1 pected that this caliber will show up much better in-firings against the lower surface of the wing. The higher 
ће rear, in the period since 1 December 1946 and it is hoped to summarize these іп a later report. و‎ blast effect from Ше 20mm rounds results in larger holes on entry into the top of the fuel cell, but по damage E 
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_ Tables Е1 and E2 give the total number of hits obtained on the projected area of fully 
loaded fuel cells and the-hits on thé projected area of empty fuel cells obtained in B-25 Structure firings. 
The next column in both tables.gives the number of hits on the projected area resulting in complete pene- 


to the lower part of cell in contrast to the effect of the Cal. 0.60. The resulting fires then are relatively 


X 


weak, not being fed by a stream of fuel, Often they are blown ош ру the slip stream of alr provided by the 


slave engine. In firings from the front and below, it is expected that fires caused by the 20mm rounds will 
tration of at least one wall of a fuel cell, “The difference in the two columns represents hits on the pro- 


Е. jected area which did not result in cell penetration due to ricochet, break-up of round, or in the case of the 
| HE shell, ricochet or stopping of fragments. The high values of CP, or penetrations per hit on projected 


prove-much more damaging. 2 


The firings against empty В-25 cells are tabulated in order to increase the sample size 
for penetrations of celi per hits on projected area, 
3. Structures 


zzz ^ = 11 . 
ш--- агеа, for the compound assessments аге due to the fact that leakage of a tank may result in a fire upon 
i All assessments of damage from Impacting projectiles not included under fuel tanks and 


impact of a projectile even though it would not penetrate the cell. Although the resulting fire obscured 


penetration all compound fires were classed as cell penetrations. The single-shot penetrations only are 
used in later calculations. 


[s 
я. D а 
یہی ای ھور کے‎ .--.-с-- رسود مود مک‎ Ч 
` 


engines are defined as "structures" assessments. Damage to armament, personnel, oxygen bottles, instru- 
ments, spars, surface, controls all come under this heading. 12 P-47 aircraft were expended in structures 
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The next two columns in Table E1 list respectively the numbers of hits resulting in ` firing up to 10 May 1946 and results are summarized in the first optimurn caliber report, The present ге- 
' fires (of duration greater than 1 second) and in leakage without fire, The relative nurabers of fires and 3 port shows results for "structures" firings against 35 B-25's, 17 from the front and below, and 18 from the 
A leakage per hit on projected area and per penetration and also the-penetrations-per ‘hit om-projected area are = rear and above, | 
= سس ہے‎ = ° 
e lístéd'in thé next five columns in Table El. There does not appear to be any mec difference between L è | а, Deserintion of Target 
< қ t f : " a 
i he vulnerability of kerosene-filled cells in the P-38 and Р-59. The smaller probability of obtaining fires with (0 Wooden dummy personnel silhouettes constructed of 7/8" sugar pine replaced the foot 
-" r= 1 0 B 2. 0 - A لے‎ 
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{агу tests were conducted against the ехрепйед Р-47 aircrajt to determine the contours of the fuselage 
e° : 
ewithin which fuel tank penetration could be obtained. The information obtained from the limited number of 


е 2o 622 А "S ; š 2 
е. KE LA firings-was insufficient to obtain contours of any reləgbility, The data obtained. from this 
lement 


È په‎ supp 


° 
test was used to obtain the overall probability & a kil! on the P-47, as described later in 
ә, . ° 


LS £ ? к: 
А from bare and cased charges on aircraft. These tests provide a basis for damage estimates for blast dam- 


е 0 
eg eg high egplosive shell with small delay or ‘superquick fuzes, %, addition they provide data оп the 
@ ө е аз гот larger charges detonated at various distan&ésctrom the target aircraft.” Of importance 


to impact фуре ishe fact that by means of these bast firings damage estimates may be made for shell 
not us Ды dhe سی‎ caliber firings® even Shell in the-dgsign Stage of development. Similar blast tests 
have beengconducted against B-17 engines and will be conducted 95о against loaded fuel cells. lt is hoped 
to present Hêz "d ‘other phases in the near future, ° Ө e г 
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2 9 ее. ults of F'iring Against Structures 


Tables Е1 and F2 in Appendix Е present the avexage assessments in each structures‏ ود 


P" 
e 59 
gone from ear above and from the frynt. The values in this table 
ve ® е 


de damage to personnel. Results 


sonnel) for the B-25, from rear, above and front, below. In these tables the single-shot probabil'iies of "A" 
and "B" kills are presented with their corresponding 95% confidence intervals. It is with special regard to 
° oF pictures damage that the possibility of reducing the sampling error by knowledge of the structure exists, 
When it is known, for example, thet fairly large areas of wing and fuselage are nomogeneous and invulner- 


2 репа solely upon the sample size for reliability of the resul Stor impacts on these areas. Thus 11 the upper 
@ š confidence limit for the size of hole caused by a Cal, 0,50 in the horizorggal stabilizer would still be assessed 
D as Zero damage, then this may be-assumed to have no дрргес!а е sampling error. М 

In Tables ЕЗ and 4 ше рговар фу of ап "А" ог а "В" structural kill for a hit оп the НЕ 
PO “225 is obtained by weighting the average probabjlittes for each of the structural zones (Figure G1) and 


e Summing over the plane for all гоп 5 with recorded impacts, This procedure tends to remove the bias which 


NO А 


% е 
would орсиг if a simple ауегавеьо{ all structural hits were made, The bias is due to non-uniformity of im- 
% 
facts with respect tÓ projected area, This would occur if more than a proportionate number of impacts 
е ca 


were омашед on a vulnerable zone, ` *.. 
oem 7 
"Report oneTests ef the Effect of Ва гот Bare and Cased Charges on Aircraft" by James N. Sarmou- 


sakis, Ballistic "ul Laboratories Report No, E Ж: 
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4,21% presented to afford a comparison of damage to any gne zone for the several types of ammunition em- 
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ч кы, © able with fespect to damage caused by the Cal. 0,50 and possibly the Cal. 0.60, it is not necessary to de- 
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° placid tx postion, Тече bottles wore. loaded to the same ргезтіге in ваз Саде, یں دوس‎ 77. ФА large series of tests has been conducted, & Aberdeen to determine the effect of blast Ë 
< z ۵ š > ЕД е е е 


Maf fuel cells were water-f ада c Ту tr Tere. 


27” еліме о даце, from 50 pet ہا‎ 459 pal. 


жш. s ъ е е 
"27 ^ yes CEREEntfre-B-20-was marked off ifr iivé-tot tines. Тъетіет nam s 9.9 с 
= 2 T 2155 sermadas a basia doy removing bíz2-fzom uneacak یسید‎ лс E مح ع‎ = 
= 3 А г е e 


уже crea of the glares. 
b. Method of Firing and Assessment 2 : Др. 
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тесетш, shen in the засе Сі engines or fuel, о. % 0®, Rjoyed. Only the "A" and "B" damage categories have been described їп this report, "C" and "E" damage are 
AG se cf the nm-dyramic nature 22-6 tere — 3 2 ° encoünteréd to a large extent in structures firing and it is hoped that information on the "C" and "E" categories 
meter тие сылы, in variozs places [s rot very بحم چیا‎ treu ie 6 یٹ‎ ре presented in а following report on structures damage, @ 
=== === потресе {Бе attempt is made с distri=ace eey =j So: (е) е. 2 Tables Fé and F4 in Appendix F present Не #91 structural damage (excluding рег- 
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SINGLE SHOT PROBABILITY OF "А" DAMAGE FOR 
HITS ON THE PROJECTED AREA OF AIRCRAFT ENGINES 
LINE OF FIRE: FRONT, BELOW, رن‎ 20°, Ф = 20° ў 
р-38 (у-1710) B-17 (8 -1780) P -47 (R-2800) 
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ще Е was.einployed to classify орай‏ ہر جم 
cóiiborent damage, 088 various aircraft. . Sub -components which constitute the general classes of armor,‏ 
drmatuent andoattack equipmént, landing,gear, and hydraulic Systems, Supporting.surfacés, surface controls,‏ 
and Тааран; thus=dlassifteq;= "TRE Contribution of each ofthe sub- -components to the overall vulner-‏ 


wees of the plane-may. hene obtained. . 
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жи, „Damage tc td 7 structural, compohéntg/óf the B-25 and thé relative number of times each 
m š ‚ sub-cómponent was. hit:are: presented in Tables F6 and ЕТ. in Appendix Е. Thesetables.are-prepared for ` 
| ай calibers fic étrsgainst: в:258 strictures fr. “from the. redr and above and at a-range-of 500 yards, Similar 
Eu Чайев аге рей prepared for other ranges and- lines ‘of fire, 
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ae The only personnël damage contributing directly to an "A" or "B" kill is that to the 
ди Pilot of. ще P-47, -and to-botli-pilot'ànd co-pilot of thé 8-25. For the Р-47, firing from the front, the pilot’s 
Vulnerablitty.tncreates- аз Ше cosine cilthé arigle 0, the angle -between the line of fire and the longitudinal 
E axis ot the fuselage. For the line of fire einployed'in firing against the P-47 the pilot is not well protected 
a (see Flgure-G2). Therè w Were оо ет impacts for each type of ammunition in the P-47 firings to make а, 
рїзгеїу*©бўебНуе-шеазиге- مزا لہ‎ Ауре of vulnerability. On firing froma Ше rear and above against Ше B-25 % 
‘however, the pilot personnel aré relatively well protected (see Fig. G3). For this line of fire, it is pos- 
Sible-to. obtain-pilot hitsthz impacts in zones F3 and F4. Table F5 presents the numbers of hits. obtained in 
these: zones апд Ње mimber..of- casualty inflicting hits obtained on the near and far pilot. It will be noted in 
this table that injiry -to,pilots is not as prevalent with the high explosive rounds as might first be expected. 
For the line of fire employed, the distance from point of impact to the pilots was large compared with the 
distance fr om point of impact to point of functioning. Consequently many hits by high explosive rounds on 
ще projected area of pilot résult in no penetration of the dummy pilots, Pilot vulnerability is an impor~ P5 
iàntsoürce of aircraft damage. Except for thé large high explosive rounds no one round inflicted "A" dam- = 
_ age-on both pilots; hence the contribution of pilot vulnerability to the overall vulnerability of the B-25 is 
zero for one hit, Pilot vulnerability becomes important with increasing numbers -of hit on the plane, This 
Is illustrated in a later section of the report in which the overall vulnerability of the В-25 is obtained. 
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SINGLE “SHOT PROBABILITY OF "DAMAGE FOR. 
HITS QN THE: "PROJECTED ARÊA ОЕ AIRCRAFT ENGINES- 
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SINGLE SHOT PROBABILITY OF "A" DAMAGE FOR 


HITS ON THE PROJECTED AREA OF AIRCRAFT ENGINES 
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B-17{R -1780) Е-47(8-2800) 
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Part П 


VULNERABILITY OF COMPLETE AIRPLANES 
PROBABILITY THAT A HIT ON A P-47 FIGHTER CAUSES A KILL 


The computation uf the expected number of "A" or "В" kills ^n the P-47 obtained with various weap- 
ons and types of ammunition involves the probability that if a hit were ^btained on the P-47, it would pro- 
duce an "A" or "P" kill, This probability is based on results obtained їп actual firing and also to some ex- 
tent on extrapolation from firings against other types of aircraft. The breakdown of this probability for the 
entire P-47 aircraft into the vulnerability of the various components will indicate the method of calculation. 
The vulnerability of the P-47 fighter is obtained for fire from the front and below (9 = 20°, f = 20°), ata 
range of 500 yards. 

Table 3 lists the contribution of the aircraft components considered in the estimate of the overall 
probabilities of "A" and "B" kills, respectively, This table demonstrates the calculation of the overall prob- 
ability from the probabilities that a hit on the plane will produce э kill due to damage to the engine, to the 
Structure, to the pilot and to the fuel tanks. The various sources of damage are considered to be independent, 
The last column of the table lists the so-called "lethal area" for the P-47 for the range, line of fire and par- 
ticular type of ammunition. The lethal area is a value which 1s widely used in describing target vulner- 
ability and represents the equivalen: totally vulnerable area for the plane, Figures 9 and 10 picture the 
probabilities of "A" and "B" kills for one hit on the P-47. 

The probabilities listed in Table 3 represent single-shot values and do not include the probability of 
compound damage resulting from two or more hits. 

Тһе various component probabilities were obtained as follows: 

L Engine. The probability inat а nit on the P-47 will produce а kill due to engine damage, desig- 
nated 25 РА апа Pg in Table 16, was obtained by multiplying the probability that a hit on the engine 

Ess Ess 
results in a kill by the relative projected area of the engine to that of the entire plane, This relative area 
is about .19 for the line of fire employed. The firing against engines was conducted with the engines run- 
ning and after each round an assessment was made for the damage from that round and also another inde- 
pendent assessment was made of the cumulative damage up to and including that round. The figures used 
here for the probabilities that a hit on the engine results in a kill are the averages of the single shot assess- 
ments and do not include the cumulative effect from more than one hit. Each of the rounds was aimed ran- 
domly over the projected area of the engine (which Includes Ше accessory section). Since Р-47 structure 
but not P-47 engine information was available in the case of the cal. 2.67 Inc. T36E2, the 20mm Inc. 6 
and the 3cm German thin-walled HE rounds, estimates of 7-7 engine damage for these rounds were made 
from similar firings conducted against B-25 engines. The B-25 engine is of the same general type as the 
P-4'/ but has two banks of 7 cylinders each instead of two banks of 9 cylinders each as in the Р-47. Also 
the oil cooler is located in the wing instead of underneath the engine. Tables C1 and C4 illustrate the dif- 
ferences in vulnerability of these two engines. 
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2. Structure. The probability that a hit results in a kill on the P-47 due to structure damage, is 
and Pg in Table 3. "Structure" damage here refers to all damage other than that 


с 
“ss 555 


designated as Р A 


due to the engine and accessories, the pilot or the fuel tanks. 1t was attempted during firing to obtain as 
uniform a distribution of impacts over the projected area of the plane as possible. Since in fact the distri- 
bution was not ideally uniform, the average damage was obtained for each of many zones intowhich the 
total projected area of the plane was divided. These averages were then weighted by the relative projected 
areas of their respective zones. The final average for structure damage, therefore, does not reflect any 
bias resulting from disproportionate numbers of impacts on components of varying vulnerability. Since 


the component termed "structure" includes the entire plane, the projected areas are the same and no fur- 
ther correction is required. 
3. Pilot. /There is no armor protection for the pilot with the line of fire employed in firing against 


0 
ге 


the Р-47. For that reason any hit on the projected area resulted in injury to the dummy target representing 


зтим 


the pilot, In addition there is some injury resulting from near misses due to flying glass or fragments. If 
it is considered that the pilot represents 3 sq. ft. of projected area out of the 186 sq. ft. for the entire plane, 
then a hit on the plane resulting in a pilot hit was chosen as the probability of a pilot kill for the cal. 0.60 
API, T39. The cal. 0.50 and the cal. 0.60 Inc. were given slightly smaller probabilities and the HE rounds 
were given somewhat larger probabilities in accordance with the relative effect of direct hits and near 


RANGE: 500 YARDS 


> 


OR AHIT ON; THE 


misscs for the various types of ammunition as observed during firings. There were too few impacts for each 
type of ammunition in the P-47 firings to make a purely objective measure of this type of vulnerability. 

4. Fuel Tanks. Since there were, in alt, 15 P-47’s available for these tests, Ше plane-consuming 
fuel tank tests could not be conducted against the P-47 with loaded fuel tanks. The following procedure was 
therefore adopted fo obtain the vulnerability of this important component. Much data was available from 


©» 20° 


firings previously conducted against the loaded fuel cells of 53 A-35 attack bombers. Firings against these 


1 


Е 16.10 


fuel cells were conducted from the front and from the rear at Ше same angle-off as employed in the P-47 
firings. It was then assumed that the probability of fire and leakage in the P-47 tanks when hit was the same 
as for the A-35 tanks when hit. In addition, the probabilities obtained by fire from the front against Ше A-35 
tanks were assigned to those impacts on the projected area of the P-47 tanks which would be less than one 
foot from the tank itself. The probabilities from rear firing against A-35 tanks were employed for all other 
P-47 impacts. И was then necessary to obtain the probability that the P-47 tanks would in fact be plerced 

` by bullets or fragments impacting less than one foot and greater than one foot away from the tanks, These 
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probabilities were obtained from the structures phase of the test and also from a thorough series of sup- 
plementary firings conducted against expended P-47's, Тһе multiplication of corresponding probabilities 
than gave the probability of leakage if the projected area of P-47 fuel tanks is hit and also the probability 
of fire, These were in turn multiplied by the relative projected area of the fuel tanks to that of the entire 
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line components are assessed according to their function. Thus it is possible that a hit on a fuel tank 
may do fuel damage (fire-or leakage) and also do independent structural damage to the plane. 
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: тһе я ot- obtaining К and "B" Kills from the fire or {езде were then obtained from the 
results of firing against the fuselage tanks of the A-35’s. Ingeneral,-the larger calibers gave larger and 
brisker fles and more. pronounced ; leakage. The-seriousness of the fire or leakage is chiefly reflected in 
А ‘the: “differing: "A" assessthents since firéar non-self-sealing leakage іп the main-fuel cell of the P-47 is al- 
most always а.100В kill. Correspoüding probabilities were then multiplied to obtain the probabilities of an 
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PROBABILITY THAT AllIT ON THE P- 47 FIGHTER 
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> کی ہہ‎ 5 (Е) FUEL 
У" (ог "В") ktil if the plane'is hit due to fire (or leakage). The probabilities of a kiii resulting from fire (P) PILOT 
and from leakage were cómbiried'to:give;the.values listed in Taóle'2, (S) STRUCTURE 
( + | ۱ . (Е) ENGINE 


- The limited number of observations available per piane for fuel tank firings makes necessary some 
system of extrapolation such.as that outlined above. {5 use is considered valid when only single shot dam- 
age is considered, as above, For inclusion of compound damage, however, it is advisable to rely chiefly on 


š LINE OF FIRE: FRONT, BELOW. 0:20°, 0ء0۰٥‎ 
results'for the same plane а5 15 under consideration. Thus, for the probability of damage from two or more 9 


hits on-the Р-47, the probability of leakage on a first hit may be obtained by some extrapolation but the 
probability о ге ог explosion for:a subsequent hit on the fuselage near the fuel tanks is linked too closely 
j with-the type of target to be reliably estimated by extrapolation from other types of aircraft. Since no fuel 
m i tank firings were conducted against the P-47 itself, it was not considered advisable to-calculate compound 
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fuel tank damage-for this plane, This is-especially necessary since Ше Р-47 fuel tank installation differs 
radically from those in aircraft used for fuel tank tests. 


There is a good possibility that more Р-47 type aircraft will be made available in the near future, 
It will thus be possible to obtain direct information as to pilot and compound fuel vulnerability. 


A Better estimates of the-various component probabilities may be obtained by attention to detailed 
: areas and sub-components. It is hoped to present these values in a later report on the 2-47, 
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Spe The projected areas for the P-47 engine and structure zones were obtained by planimeter readings 
of these areas on Ше photograph of a model (see Figure H1, Appendix Н). Тпе scale of the model is 1:72. 


The pictures represent the exposed areas simulating a range of 185 yards. These relative areas differ 
negligibly from those which would be seen at 500 yards. С 


Figures 11, 12 эпа 13 picture Ше contribution of engine structure, pilot and fuel vulnerability to the 
overaii vulnerability of the Р-47. The scale for these Pures may be to read the total overall vulner- 
ری‎ ability, These scales аге зо selected because component vulnerabilities are not additive, although their 
logarithms are, to obtain overall vulnerability one of the components is rendered invulnerable by some 
; protective device, then the block on the charts identified with that component mgy be removed and the total 
0 : vulnerability 1s then the sum of the remaining component damage, added logarithmically. To read the abs 
ا‎ Н lute value of a component vulnerability the reader is «йуїзей to use Table 3, However, on the charts they 


ра iim "nay De read by placing the origin on the scale in line with the lower bound of the block identified with the 
376 қ component. I @ 
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TABLE 4. Calculations of the Overall Probability that а Hit оп В-25 
Produces а Kill 


Line of Fire: Rear Above 9 = 20°, Й = 13° Range: 500.yds. 
Overall Probability 
d او‎ —р ) 
Е T А 
Caliber апа Prob. that а hit оп the plane \=Р 
produces an "A" Kill due to - 5 Lethal Area*(PT2) 
Type of Main Fuel АП Fuel Both Struc- Маш Fuel AllFuel Маш Fuel All Fuel 
Cells Full Cells Full Engines ture Pilots Cells Full Cells Full Cells Full Cells Full 
Ammunition 7 р Р Р Р Р Р 1 2 
А А А. А А 
кы Е 55 Ess Е Pss 1 2 E 
Cal. .50 API-T,M20 .000 000 .000 .000 .000 .000 000 000 .000 
Cal. .60 АРІ, T39 ,004 .007 .000 .001 .000 ` 00. .008 1.024 2.048 
Cal, .60 Ine T96E2 .005 .009 .000 .000 1000 005 010 1.280 2.560 
20 mm HEI M97 000 .000 .000 .005 ,000 .005 .005 1.280 1.280 
20mm Inc M96 .000 .000 .000 .006  .000 .006 .006 1.536 1.596 
3cm(Ger) HE .047 7ء‎ .000 .029  .001 .062 101 15.872 25,856 
37mm HE, 4 .063 116 000 .017 .001 .081 .133 20.736 34,048 


Overall Probability 


ЕР 5 - 
Я 1 —- “(1 —Р, 
Е кв 

Caliber апа Prob. that a hit on the plane , 2× یں‎ 2 

produces а "В" Kill due to - Lethal АгеаҖ(ЕТ°) 

Туре of Main Fuel АП Ече! Both  Struc- Main Fuel АП Fuel Main Fuel АП Fuel 
Cells Full Cells Full Engines ture Pilots Cells Full Cells Full Celis Full Cells Full 
Ammunition Тв. یہ‎ E PBs BS FB, PB, 1 2 
ss ss 55 58 55 

Са1. .50 АР1-Т,М20 .005 .010 000 .000 1000 005 010 1.280 2.560 
Са]. .60 АРІ, T39 .013 024 .000 .008 .000 016 .021 4.096 6.912 
Cal, .60 Inc T36E2 .025 .046 .000 + ‚009 .000 4 .054 8.704 13.824 
20mm HEI, М97 .024 043 009 010 000 4 053 8.704 13.568 
20mm, Inc, 6 015 .028 .000 ,020 .000 „095 947 8,990 12.032 
3cm (Сег.) HE .057 104 .000 .064 001 111 161 29.952 41.216 
37mm, HE, 4 063 118 .000 .059 003, .120 170 30.720 43.520 


* + Lethal Area = P (or P.) x projected area of plane (256 sq. ft.) 
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PROBABILITY THAT A HIT’ON THE B-25 PRODUCES А. KILL 


"The probability that one hit "at random-on: the B-25.produces. an "A" or "В" kill with any type of am- 
نس١‎ was obtained for firing against the bombér from the rear and’ above (9 = = 20^, Ø = 13°) and for a 
E танке of 500 yards. T ards. yards. This probability is-based-ui1ceults- наредени ин the B-25 itself and-aiso the fuel tank 
مت ا‎ wlth-other aircraft, types. 
Sable 4 lists the. сонш tlie major aircraft components to the overall. probability that a hit 
оп the -B-25 bomer BTEC а ап "А" ór Ж kill. The table presents the probabilities that one hit at random 
о on the в-25 will produce a кп due,to engine, structure, pilot ог fuel.tank damage. The B-25, ш Ке Ше 
р-47, has major. components which are doubly vuinerable. That is to say, there exist duplicated compon- 
2 nts, both of which:mvst be killed іп order to obtain-a kill on the plane, In particular, the engines and 
pilots are major components which are doubly vulnerable. Consequently, they contribute nothing to the over- 
all probability оға kill on the В-25 for just one Hit, These components, however, are important sources of 
vulnerability. for many hits on the B-25 and their contribution to the overall vulnerability is presented in the 
` néxt, section. Figures 14 апа 15 picture the probabilities of "A" and "B" kills for one hit on the B-25. 


The various component probabilities listed in Table 4 were obtained as foliows: . 

1. Engines and'Piloté, Thése components are doubly vulnerable and hence contribute nothing to 
overall vulnerability for one hit on the plane. The German 3cm and the 37mm have about one chance па 

thousand of getting both pilcts with one hit. 

2, Structure. The probability that a hit results in a kill on the B-25 due to structure damage 15 des- 
ignated as P As and E In Tabie 4, The probability of obtaining-such damage to the B-25 is obtained 

55 ss 
` Similarly tothe Р:47, described above. 

3. Ече! Tanks, Since ће ауайаМе“В-25 alreraft are employed to obtain the B-25 engine and struc- 
ture damage, they could not also be used for sufficient fuel tank firings. The vulnerability of this compon- 
ent for one hit on the plane was obtained as follows, The few firings against B-25 fuel tanks (see Table E1) 
were сзей primarily to obtain overall "A" and-"B" assessments for those hits on the B-25 fuel tanks which 
cause fires. However, more data are required to obtain the probability of obtaining fires for hits on these 
fuel tanks, This additional information is obtained from Ше P-38 and А-35 fuel tank firings. The average 
probability of obtaining a fire for a hit on the projected area of a fuel cell is obtained from the totaled in- 
formation for A-35, P-36 and B-25 firings against gasoline, The results for firings from the rear and 
above are obtained from Table E1. This probability 15 then multiplied bythe relative area of the fully loaded 
fuel cells to Ше total projected area of the B-25. The product 15 the probability that a hit on the B-25 will 
produce a fuel tank fire. It ls obtained for two assumptions: 1} only the main cells are fully (the auxiliary 
tanks empty) and 2) all the cells full. Тпе relative areas for these two cases are respectively .149 апа 


.272, The probability that a hit on the B-25 will produce a fuel tank fire 15 then multiplied by the average 


"A" and "В" seseesmoents obtained 


sessracnts Obtalned-fur-tne B-25 fuel tank fires to obtain the probability that a hit on the B-25 
will be an "A" or "E" kill due to fuel fire. These are the values tabulated as P a and P. In Table 4. 
B 
F F 
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PROBABILITY OF AN "A" KILL FOR A HIT ON THE 
8-25 BOMBER AIRCRAFT 


LINE OF FIRE: REAR, ABOVE. ©: 20°, О: 13* RANGE 500 YARDS 


«ог: 


CAL.0.5O CAL.O.60 CAL.0.60 20MM — 20MM зсм 37мм 
APHT,MEO АР! 739 INC THEE? HELMS? INCMOE (GERMAN)HE. NE N64 


CALIBER AND TYPE OF AMMUNITION 


- FIG. l4 


PROBABILITY OF A "E" KILL FOP A HIT ON THE 
B-25 BOMBER AIRCRAFT 


LINE OF FIRE: REAR, АВСУЕ. 9:20*0:13* RANGE! 500 YARDS 


125: 


PROBABILITY 


000 


0۸۱0.50 CAL.O.80. CAL риал -souu. асшы оп о?шы 
API-T,M2O API TIE 1М073646 HEINI? INC MOS (GERMAN JHE НЕМЗ4 


CALIBER AND TYPE.OF AMMUNITION 


FIG, 15 
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PROBABILITY 


could bé followed for leakage damage for one hit. However, since the leakage produced 


ER див то ие for morê than-one:hit on-the-plane is discussed in.thê next section. 
- © 0 3 o9 T 


си "rhe.relative^areas:of the various zones arij-major components for the В 25 were obtained from 
| у а 4 Wr 


° 
v 


ndm x An Аррецб St ooo дан vs m 
M 2 Figures 14 and 15-picture ше probabilities of obtaining an "А" or "В" kili respectively for a hit at 
random on the.B-25 bomber»: The proabilitles-are computed for terminal ballistic damage for rounds 
fired on the ground:at a:range of 500 yards, The line of fire is from the rear and above, 0 = 20° and б=13°. 
° Ш obtaining the overall‘figures it was assumed that both engines must be killed for an engine kill and that 
both pilots must be killed for a kill due to personnel. The main fuel cells are-assumed full and the auxiliary 
cells empty. Since the. efigines and-pilots are doubly vulnerable components, their vulnerability contributed 


nothing to the vulnerabilities shown in these figures. š 


NM | PROBABILITY THAT "n" HITS ON THE P-47 PRODUCES A KILL 


.- The contributions of the major components to P-47 vuinerability for one hit were listed in Table 3. 


. Let ت2‎ Pa zi ‚РА represent Ше single shot probabilities of а kill on the P-47 due to en- 
Š 5 


55 سی 5ھ . Ess‏ 


gines, Structures, fuel and personne} respectively, If p represents the probability of an "A" kill in "n" 


4^ - . hits on the’P-47, then 
Я |-Р 
. ss 
pU а Рд)". 
` سد‎ 


This formula wiil give P а) for Ше Р-47, assuming по compounding of damage to Ше plane in the "n" hits. 


- 1115 assumed here that hits are Independent. 


PROBABILITY THAT чи HITS ON THE В-25 PRODUCES A KILL 


n, 
The calculation of P ^ ) (or ры), Ше probability that "n" hits on the B-25 produces an "A" (or a 


n 
ПР ) represents the probability of a kill in "n" hits due to engine damage, then 1-P 5 (в) 15 Ше 
Е 


hits, Similar Survival probabilities mav he obtained for the 


2 may 


survival probability for this component for "п" 
Athar. navan a ant 


s the survival probability 
of at least one kill on the planc 
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for the plane in "n" hits and the complement of this product is the probability 
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=== Фен Components. Lhe přóduct of survival probabilitles for all the components i 
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The probability of an "A" kill due to single-shot fuel damage in "r" hits {s 


p: (n) + [pea 1-р (0) п 
Ap | Ap 


ss ss 

The probability of survival is here 1 - P "a . 
Я 55 È 

In a similar manner the survival probabilities may be obtained for "B" single-shot fuel kills and for the as- 

sumption that all the fuel cells are full, 

There is, however, additional source of fuel tank fire damage áue to the additional probability that a 
round may cause a fire when a previous round impacting in the same area has caused leakage. This case 
is especially important when there is more than one burst at the target, The formula for calculating the 
additional probability of a compound fire is developed in Appendix B of BRL M437. 


Let Р. 


7 be the compound probability of a fire for a hit on a leaking cell. Py may be determined 


с : c 


similarly to P. by the use of Table E2. Let Pe = Pp - Pp be the additional probability of a fire due 


СӘКЕ NIIAN 


чаа, ‘phe 87ء‎ outlined below Tnafe "indicate the- methods. used: to obtain the survival probabilities for 
Sog Engine Survival. ‘Probability for''n" Hits.» ў ; 

^. In Table C6 is listed, for each type of ‘ammunition, the probability that a hit on the B-25 engine from 
rear and'aboveifesults inan "д" ог "В" kill, The.relative area of each nacelle 15 about .035. Then .035 

muiliplied by the probabilities дгощ Table C6. .gives-the probability.that a hit on- the.B-25 will kill oue of the 


3 20), (Dn is the probability that one of the engines” will sur- 


engines. са. TA :product Pa. . Then (1- "Pa 
1 { ә 1 
Vive "nthits on: -the-plane; For small. probabilities-assimple-approxi mation may-be obtained. 


Then- » < 2 
РУ “2-1-0-2, (y =1-P, (n) 
А Е Е Е 
1 
: 3 5 (n) 

. is the probability that both.engines-Will-not be simultaneously killed in "n" hits on the plane. Р A is the 

; : 7. | Е 
-pr obabilityztiiat-they will*bé killed. Tt is ásSumed here that compound engine damage from several hits is 


‘not more than one would. expect irom the single-shotresuls, Firing tésis thus far support this assumption. 


14 the. various, major components c of the: 8-55. ЕР 
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A Fss Ас “с ss 
2% 2- | Personnel Survival Probability fot par mus: p* to previous leakage and P, e the probability of leakage and nc fire for a single-shot hit on а B-25 fuel 
| t = Pilot personnel on the B-25 constitute a doubly vulnerable component similar to the engine. The Les ` 
p calculation of the personne? survival probability for "n" hits on the B-25 is similar to that for engines. x cell. Then | 
Pu 3, Structures Survival Probability for "n" Hits, E Ж Е | 
d The structures survival probability for "n" hits on the B-25 may be calculated in a similar manner Š Рр, is je 2 t ES UPa 2 | 
85 for the.P-47, Table ЕЗ gives the overall probability of the structures ЕШ in one hit on the B-25. Call > ЗЕ ае Pr, - РЬ T 
this probability P A 0 Then (1 - P A yn is the structures survival probability for "n" hits. Б РЕ 


is the probability of getting at least one fire due to compounding if the cell is hit "m" times, Now the ргоо- 

ability of getting "m" hits on the cell out of "n" rounds is calculated separately for each fuel tank area. Thus, 

for the near main cell, this probability is 

e "NM (ары 
—— ‚ using the Poisson approximation to the binomial, 

Then for any one area, say for the near main cell, the probability of fire, due to compounding, for 


n" hits on the plane 15 


5 5 
4, Fuel ‘Tank Survival Probability for "n" Hits, 
Let Рим’ Рем’ 7 А? and Pp А be the relative areas of the near main fuel cells, the far main fuel 
cells, the near auxiliary cclis and the far auxiliary cells in the B-25 from the rear, above with 0 = 20°, 
ў = 13°. These relative-areas аге .078, .071, 063 and .060 respectively. 


Table El lists the probability of a fire for penetration of a fuel cell obtained by totaling results from 
the rear and above for the А-35, P-38 and B-25 firings. From this table one can also obtain the probability 
that a hit on the proj ected area of a B-25 fuel cell will actually penetrate the cell. Full and empty сей re- 
sults are pooled to get this prooability of penetration, The product of the probability of a fire for cell pene- 


T : j "PNM. m 
i tration by the probability of penetration for a hit on the projected area of the cell, is Pa , the single-shot I 5 msn ^ (np) "Pn 
EE 55 Por” EX 
ў т СЕ + mi А 
| . probability of a йге їог a hit on the B-25 сей, ке Bp За ада Вр аге Ше average "А" and "p" as- 7 в т=0 2 
б, n с n, щам ! vill днес ths 
А | : ч Then PA (NM) = = Ар مت‎ is the probability that "n" hits on-the plane will result in an "A" vili due ic the 
1 boy | sessments of B-25 single-shot and compound fires, These values are given for Ше various types of am- | 
З ТРИИ тициЧоп іп Tables Bl and HZ, Then the Л for ап "А" К 5 : 
Tur ) 111 due to sing1e-shot iue in one hit on the 
CT i : р 11 is the ٥ 
; | 3 қ В-25 with the main cells full is pu EA je HUN additional probability of compound fires in the near main cell. М the-far main cell i only other сей 
бірне | Fos Ps NM ‘FM’ containing fuel when the plane is over the target, then қ 
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Fs F 
00 .000 
020 .000 
.039 .000 
.058 .000 
OTT .000 
.095 .000 
182 .000 


.024 .004 
.048 .008 
.094 .016 
138 .023 
.179 .031 
-219 .098 


.046 .005 
.090 .012 
172 .020 
.246 .030 
.314 .039 
.375 .049 


.028 .000 
054° „000 
108 .990 
1154 .000 
.200 .000 


.244 .000е 


.044 .000 
086 .000 
165 .000 
237 .000 
302 .000 
362 .000 


103 .047 
196 .092 
.353 .115 
480 .251 
582 .320 
.664 .382 


115 .008 
219 .123 
888 .231 


627 .408 
.709 .481 
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to Single Shot Fire in "n" Hits 
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Comparison of Single and Compound Fuel Damage for 


Total Probability of Killing due tu 

Compound Fire in "n" Hits 

АП cells full 
t 


p: 
B. 
Fy 
22.2 
21 
044 
„279 
.096 
.125 
.276 


024 
051 
-105 
162 
221 
‚271 


.046 
.092 
179 
.262 
.338 
41 


.028 
.055 
,108 
159 
.208 
.257 


.044 
088 
171 
.249 
.323 
.391 


103 
6ء 
354. 
481 
583. 
666. 


116 
218 
301 
526 
632 
714 
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ig the total probability сгапекекиететочвкт tank fires in "n" hits on the B-25, including-both single-shot 
and-compound fires. , 
^ DW паме $39 presented tozttus 
wvaluating Не verall Vilnerability of the-B-25. ite dama o oe 
e ures 16 end 11 depict the probabilities ої obtaining anA" orp" kill respectively for 10 random 
hits оа the 8-25. The like of fife-considered-is from the rear and above with 9 = 20° and Я = 13°. Ali hits 
are.assumed delivered with a striking velocity equivalent to that obtained from a range of 500 yards at sea 
„Леге, Three gasessare pictured ior B-25 vulnerability, The first considers the main fuel tanks fully loaded 
(auxiliary tanks empty) and includes compound fires, This is the:same case as depicted for one hit in fig- 
s uresi4 айй 15, "The sécond.case also considers the main fuel tanks fully loaded but only involves single 
Hr shot fuel tank damage. The difference in‘these two cases is the effect of cumulative fuel tank damage оп 
‘overall vulnerability. From a consideration of the data accumulated to date, therefore, there would seem to 
"be but little difference in overall aircraft vulnerability for varying time intervals between impacts. Ifthis 
iS so, then from а terminal ballistic standpoint, the vulnerability of the target under repeated passes would 
be little different from that for one long burst. lt was noted in the previous section of this report that the 
major components of the target airplane dispiay diiferent vulnerabilities for different lines of fire. The 
Ше огге trom the rear and above against the B-25, for which overall probabilities are presented in this 
secticn, is one for which the 3-25 is relatively invulnerable. Calculations are now being made of-the over- 
all vulnerability ofthis plane for other angles of fire, For this-reason, the figures given in this portion of 
the report, end the overall computations of part III must oe considered as indicative of results only from 
the angles considered and not as suitable for overall comparisons of the weapons апд ammunition. ` 
Figures 18, 19 and 20 picture ihe contributions cf engine, structure, pilot and fuc! vulnerability to 
the overall- vulnerability of the B-25 for 10 random hits. These figures are to be interpreted similarly to 
figures 11, 12 and 12 presented for the Р-47. i 
Figures 21 ап4 22 compare the vulnerabilities of the P-47 and В-25 to 10 random hits for the speci- 
fied angles of fire. 1t should be recalled that the Р-47 engine and pilot аге singly vulnerable. Part Ш of this 
report Supplles a comparison of the effectiveness of various types of ammunitions against these two planes, 
taking into account the fact that the B-25 is almost three times as easy to hit as the P-47 as well as the 
weight, rates chire and other characteristles of the weapons, 
Figures.23 and 24 compare the probabilities of obtaining "А" and "В" kills for the various calibers 
delivered from a range of 500 yards. Figures 25 and 26 


traté Ще effect of including the:estimates of compound fuel damage іп 
fuel tank fire датаве ши! hits. 
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Зог "N" hits on the P-47 from the frout and below, 
do this for the B-25, with fire from the rear and above, 
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Figures 27 - 33 present, for each caliber, the probabilities of an "A" or "В" kill in "М" hits on the 
В-25 for three different assumptions, viz 1) main 


7 gines disabled for a КП, 2) main fuel tanks fully loaded, incl 


ү 


t 


37mm, HE. M54 
loaded, including compound fires and both en- 
uding compound fires and only one engine dis- 

abled. 7ог а kill and 3) all fuel tanks fully loaded, single shot fire damage only, and both engines disabled for 
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PROBABILITY THAT Ю RANDOM HITS ON THE B-25 BOMBER WILL PRODUCE 


| А "B" KILL DUE TO: 
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TABLE 6 ' 


Component Probabilities for One Hit at Random on the B-25 
for Singly Vulnerable Components 


Line of Fire: Rear, Above 0 = 20°, f = 13° Range: 500 yards 
š Pode Ammunition Probability of an "A" Kill to B-25 in one Hit P + ар 
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| ў و‎ 3cm, (German), HE 047 „014 024 015 „139 ‚1173 8 
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Ne OVERALL ASSESSMENT OF WEAPON EFFECTIVENESS 


INTRODUCTION 


The first two parts of this memorandum report have described the experimenta] determination of 
the termirial ballistic effectiveness of the various rounds fired in the optimum caliber program and the over- 
all computation of target vulnerability, In order to compare the overall effectiveness of the various calibers, 
the characteristics of the weapon and the weapon carrier must also be considered. To determine a true 
"optimum caliber" the possibility-of varying each parameter at the control of the weapon designer must also 
be considered. н 
1. Thé object of the preseni-discussion is to indicate some of the relationships existing among the 
many parameters affecting the overall effectiveness of an air-borne gun. The many component fields which 
must be investigated to contribute to the final answer will be thus made apparent. Principall,, the discus- 
sion is concerned with guns as armament for bomber and fighter aircraft. The present report will be соп- 
fined to an examination of the comparative characteristics of the guns of the “Optimum Caliber Program" 
as carried in bomber turrets and by fixed gun fighters. 
2. Gun and Ammunition Characteristics: The weights, rates of fire, and dimensions of the guns and 
ammunition to be considered are contained in Table 7. i 
Of the guns described in Taole 7, some characteristics such as rate of fire are known only approxi- 
mately, and others, such as muzzle velocity, depend upon the number of rounds which have been fired from ' 
the gun. Table 8 lists the characteristics selected for further computations. Mean values of muzzle energy 
and rate of fire have been selected. Deviations of about 10% about these values probably exist. Where a 
number of round types of only slightly different weight are considered for a particular gun, a particular | 
weight and muzzle energy һауе осеп chosen as representive of ай of the rounds. 


to consume its own weight in ammunition, This latter figure will be shown to be of considerable importance 
in evaluating overall effectiveness, " and و‎ are similar characteristic times including estimated in- 


The weight of ammunition for 20 seconds continuous firing is tabulated, as is the time 7, for the gun 
Staliation weights. ` 


With regard to ammunition weights for the small arms ammunition, the weights listed in Tables 7 с 
and 8 may be found to differ slightly from those listed їп drawings of the rounds. Comparatively large toler- 
ances will be noted on the drawings, however, particularly with regard to the possibility of using alternative 
materials In the fabrication of the rounds. The manufacturing tolerances are all such as to make the average 


round weigh less than the weight given on the drawing. The values used in the present report are believed اہ‎ 
to represent satisfactory estimates of typical round weights, 


Mah? ас 


Tables 7 and € were prepared by Mr. Norman McLeod of the Weapons Effectiveness Branch after exami- 


members of the Proof and Development Division of Aberdeen Proving Ground. 
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less gun weight is plotted against total muzzle energy in Fig. 34; the turret weight is fairly well given in the 


region of the Cal. 0.50 turrets by the i:near relationship 
w, = 100 / 90 z E, lbs. (1) 


where Z Ey is the sum of the muzzle energies of all the guns, in units of 10,000 ft. lbs. Also shown in Fig. 
34 is a plot of muzzle energy against gun weight. 

If now, a turret with n guns is considered, from (1), 100 lbs of weight are involved regardless of the 
gun characteristics. Each gun then contributes 90E, to the total turret weight, in addition to its own weight 


and the weight of its ammunition, A time Т, is defined as the time required for a gun to shoot its own 


1 
weight plus 905, in ammunition. 
т} 13 essentially the time required for the gun to shoot a weight of ammunition equal to its weight 


plus the component of turret weight associated with it. т, is tabulated in Table 8. 


b. Weight of Fixed Gun Installations: The following data on installation weights has been obtained 
from Wright Field! "The weights of fixed gun installations have been as follows:" 
Caliber Weight 


0,30 50 lbs 

0,50 150 

0.60 280 
20mm 300 
37mm 390, 560 
75mm 1360 


105mm 2200 


The agreement between the above table (which however, does not specify gun type) and the tabulated "Weight 
of Gun plus 20 seconds Ammunition" of Table 8 is noteworthy. Assuming that the Wright Field table refers 
to the M2 Cal. 0.50 and 20mm guns the agreement is to within 10%. 


TABLE 9 Wt, w/o 
Remote Control Turret Assemblies ammo, Rnds./turret 
GE Upper Twin Cal. 0.50 Turret 2CGD50URC 435 10. 2000 
GE Lower Twin Cal. 0.50 Turret 2CGD50LRC 440 2000 
СЕ Upper Quad. Cal. 0.50 Turret | 2CGQ50URA 812 4000 7 
СЕ Upper Quad, Cal, 0.50 Turret 2CGD50URE 812 4009 
GE Twin Cal. 0.50 Tail Mount 2CGD50TRBI 486 2000 
(сап be nose mounted) 
Boeing Twin Cal. 0.50 and one 879 2000 Cal, 0.50 
20mm Tail Mount 120 20mm 
USMC Quad. Cal. 0,50 Тай Mount 849 4000 
Local Control Turret Assemblies 
А-ЗЕ Martin 2-gun Upper Turre. А-ЗЕ 630 800 
Sperry 2-gun Nose and Tail Turret А-17А 680 1200 
Emerson 2-gun Nose and Tail Turret A-31 556 1000 


‘Vetter, Chief, Armament Laboratory, Wright Field to AMC Liaison Officer, loc. cit. sup. 
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ТАВЬЕ 8 


Е 
: Wt Мішде 
Rate wt. Gun Energy Bomber Fighter 


Gun of Wt.100 205 /20s in 10,000 Turret Armament 
Cali- wt. fire rounds ammo ammo й. lb. т T т 
ber Gun (b) (rpm) w/links (№) (1b) Units 1 2 
0.50 M2 61 800 27 72 133 1.30 16.9 49.5 19.9 
M3 65 1200 27 108 173 1.30 12.0 33.7 14,0 
0.69 ТЕЗ 127 0 61 152 279 3.08 16.6 53.0 19.9 
20mm M2 137 750 62 155 292 3.30 17.7 56.0 21.1 
i ма 12 800 62 164 278 3.35 18,6 49.6 16.8 
30mm 108 154 600 133 267 421 3.05 11.6 39.2 18.4 7 
Mk103 298 400 221 294 542 7.30 20.4 65.5 24.4 | 
37mm M10 231 165 225 124 355 8.33 37.3 158.5 48.1 
ма 405 140 294 137 542 14.10 59.1 244.4 75.0 П 
- 75mm M10 1148 30 2000 200 1348 88.60 134.0 912.2 121.9 
105mm 2100 25 4200 359 2450 185.00 120.0 1071.4 204.6 


3. Installation Weights 

а. Turret Weights: Flexible gun mounts for bomber defense have weights which, in general, in- 
crease with the weight of the guns which they carry. Information received from Wright Field states” “The 
weight of flexible سج-2‎ turrets, including the complete armament installation exclusive of the gunner, is 
proportional to the caliber and is equal to 3200 pounds for the 37mm." Additional informal information from 
Wright Field indicates that the particular 37mm turret mentioned was excessively heavy, and might be 
lightened in a refined design. 


Tt is necessary to estimate the separate effects of number of guns, weight of ammunition, and caliber, 
on turret weight, since the generalization quoted above does not permit estimation of weights of turrets with 
other than two guns. Table 9 lists weights! of standard turrets, both 10cal and remote control, mounting two 
Cal, 0.50 guns; four Cal. 0.50 guns, and two Cal. 0.50 plus on 20mm gun. 


сег прот 


It is now postulated that the weight of turrets of similar purpose and construction depends primarily 
upon the total muzzle energy of the guns carried by the turret. The GE and Boeing remote control turrets 
in Table 9, form a reasonably homogenous group for consideration, and it is seen that when turret weight 


1 
наан Instruction for Aircraft Designers, ATSC Manual Ко. 57-0-1 January 1946, Vol I (В) 
P 21-12, 21-40. 


£ Av 


2 
Letter, Chief, Armaient Laboratory, Engineering Division, Wright Field, t AM fi 
: г g ‚ © AMC Liaison Officer 
Aberdeen Proving Ground, Md., 30 January 1947, subject "Information for Use in Connection with Optimum 
Caliber Gun Program." 
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Since the above weights apparently contain ammunition weight as well as gun and mouuting, the added 
structural weight associated with installation of a fixed gun will be arbitrarily chosen as س82‎ where E, is 
muzzle energy in units of 10,000 ft lbs. 

4, Distribution of Welght Between Guns and Ammunition: Suppose that a total weight W, is 8 
to an armament installation, consisting of guns, associated structure (mounting, turret, etc.) and ammunition. 


Let 
w, = weight of one gun 
Е c= muzzle energy of the gun 
Мат weight of one round of ammunition with belt or clip 


Т = time required for the gun to flre all of the ammunition 
allotted to Н, if it fired continuously at its specified 
rate of fire (although it is not necessary for the gun 
ever to actually do this, T being simply a convenient 
index) 


Y = rate oi fire of the gun 
п, = number of guns in the installation 


Then for a turret complete with guns and ammunitlon, using Eq. (1) 
W = 1004 п. (90Е А We ЕТ wT) (2) 
and for a fixed gun instaliation 
W, = ne (8Е А Yg А ^fw т) (3) 
The maximum rate of fire is obtained from an installation of given weight by having all guns, witn 


one round in each gun, (assuming the "given weight" is a multiple of gun weight), Then the duration of fire 


is zero, The maximum rate of fire Y fo is 
= и - 

LS ^r (Wi t 2)/ (КЕ Š А Wa) : (4) 
where a is 100 for the turret and 0 for the fixed gun installation, and k is 90 for the turret and 8 for the 
fixed gun installation, 

The probability of success in an engagement depends upon the total number of rounds which are fired 
as well as upon the rate of fire, Against a passive target, the more rounds fired, the hlgher 15 the prob- 


ability of destroying the target. When the target is defended, however, these rounds must be fired capidly 
enough to insure that the target be destroyed before it destroys the attacker, 


The maximum number of rounds which сап be carried Бу the armament installatlon and fired is that 
value obtained by setting n, = 1,00 in (2) and (3). It is more convenlent to consider N,, the number of rounds 


carried if only ammunition were carried. Then 


N. = (W, - a)/w, (5) 


CONFIDENTIAL 


Vou 


- CONFIDENTIAL 


НТ ОНА АЕ EET? 
70 ٤ БЫ 

ШЕЕ Е ЕЕ 
. 


ШШ iH: 


и а 
pa ginis 


аи: 


کے 
.. 
ЕЕ‏ 


ШИШИ ШЕЕ 25 

Т. 
4... 
В. БЕРЕН H E 


_ d d 
| 


EN D det н 
ы; ШЕН p 23 Е ипин 
ا‎ -. d 


CONFIDENTIAL 


) 8 та ғә کہ‎ 225 
K vid фа в Ж. А 
E ERTI ES. nes ۱ J 
5 БЕП ed 


„Бо. number of Кү 


ЗА 
"m 
or 


M en дома £ зи i 2. 


ARY 
E sis: tc f را‎ тоша وو‎ arb цу, чан 2 bo el. 
ability of destroying the Mu» Then the ti S деше а the AST 


i dk 
Y 1 

s tion of weigh’ Wy if ерші Ва vues ug ласк 15 N Cum Be, 
| | ) са 

| 


Зиррозе و‎ 3 1440 


; РЕДИ -10- КО. O 


The manner in which required weight Š oi angoverall armament, = 


. ment ФЕ obtaining a choses ability of a ML a [X M fringi 


"ox РАДИ 
+ کک‎ of the —Jrve- are e پل‎ ve eS Me Sanat, n ےت‎ deStuedgorab ifi пе 4 
тее: ون‎ " 
رت‎ s RE 


`6. Tactics and Erfeetigefless: It is tet sour d. "ЗА d Е 

4 49 

from consideration nf the бейе caler ew" «Шеруді. 'h E tc та dote za ae 
| weap n depends up n the ta. available th the ا رج‎ Беде ae کا تا تچ‎ stics offtheswea- 
i. в, 


AN 


Ww n deter’ и th. tactitc avall нае f سر جرد‎ B; the pit d y и d Çûn; 


“sider: ruy very Q mple, anu perhaps undesirably по 


DNE 
لے‎ $ 


ABILITY OF KILL 


Р 


o €T 
m 
cs 


£ 22% bys 
یں‎ SNe se PES 


Pon ate gms БЕШ die * 2$ я کے‎ 2g 
«балаға os Ф cat ۲ =i 


x 


@ ee e. x A" арт لہج‎ $ © det. < 
© € об» еде Дои з D V eg те. 99 ^g 
A 900 ДА EP EI 


фа 7 та. К a io S9NFIDENTIAL 


lu 


с 


š Е Bou EEE یا یی‎ ^ 
s 2 For any particular armament installation then, which.is neither all guns nor all ammuzuuon, the 
2 + average rate of fire Уа and. thatatoLnumber of rounds-carried by the installation are simply expressed 
SS ۔۔‎ — Е مو‎ Values “У апі N by 
a БАЕ и Г 3 
< کا‎ N/N тт АТ) 7,/ V TATEN (8) 
2 where is the “characteristic time" of the gun plus mounting, and is the time required for the gun to shoot 
Ы » RE a. weight of emmunilion equal to its own weight plus its contribution to mounting weight. 
B. > Е 
пази T = (KE, им, МО м.) (7) 
1 a š о Е а 
2 - т for the turre‘ed.guns and T 2 for-thc fixed guns are listed in table 8. 
ж yi 
n5 Тһе variation of number of rounds carried and average rate of fire of the installation as totai firing 
Е я time is increased is.shown-in Fig. 35. The curves have physical meaning only at those values which corres- 
7 % pond to integral numbers-of guns, but for comparative purposes it is convenient to use the continuous func- 
Be tions, же has rəmarked.ear)ier that there is no objection to comparisons which involve intermediate 
7 5 points bétween integral numbers of guns. 
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A ME of Determining the Relative Efficiencies of Two Types of Aircraft Guns," by Н. Н. Zornig and 
H. Kent, BRL Report 170. 
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5 "G" ACCELERATION 
CONTOURS РОВ 450 М.Р.Н. 
FIXED GUN FIGHTER ATTACKING 

400 M.P.H. BOMBER 


VARIATION IN PRESENTED 


A 
WITH ANGLE OF ATTACK 
IN VERTICAL PLANE 


FIGURE 38 
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OF HE SEITE Studies in‘the so-called "optimum Caliber Program", is the development of methods of‏ ~ لھ سا 


analysiS-of ‘the data corresponding as.closely as-possible-to realistic-combat conditions, 


‚ „A simple ëxample-of the relationship between type of installation and tactics is the case of the fixed 
gun fighter, If the fighter 13.40 keep'the bomber continuously under fire, it is constrained to fly a pursuit 
type course, Such а coursé has the characteristic Ша: the radius of curvature of the path which the fighter 
invst-fiy-becomes: smaller-and-smaller, 1n general, as the fighter nears.the bomber. There is a region 
“Broadside of the:bomber Within-which the accelerations-required of the fighter on a gun bearing course аге 
so great that the bomber cannot be kept under ‘continuous fire by a fighter in this region. 


Appendix J treats the fixed gun fighter case in some detail. The "forbidden region" increases as the 
-speeds of fighter and bomber increase. At very high speeds the fighter can close in to attack only in the 
nose or tail cone of the bomber. The limits for a pursuit course with lead are Jess severe than for а риг- 
suit coursé with no lead. This is caused by the fact that the “predicted point" at which the fighter fires with 
correct lead moves toward the bomber as the fighter closes in, and hence has lower absolute velocity in 
'space.than, does the-bomber. 


"The &1Zé of the "forbidden region" for two of the guns of the Optimum Caliber Program is shown in 
Fig. 37, where it is observed that the lower velocity of the 30mm gun leads to a smaller forbidden region. 


This is not to be construed as an advantage for the lower velocity gun, however, since larger required lead 
wla سم‎ chine or fight are concomitant disadvantages of low muzzle velocity. 


A turreted fighter has much more freedom in choosing a course of attack. As long as only fixed gun . 
fighters.are to be encountered, increased speed is a protection for the bomber, as indicated by the figures 
of Appendix J. Expecting attacks only from its nose or tail, the bomber may concentrate its defense in these 
vegiers, Tusreted fighters force Ше ooening un again of the bemher’s dofense to include attacks from the 
side. The strength of the bomber’s defense in any region then depends uóon the number of guns which can 
be brought to Leai ш Lae region, іп addition to selecting an angle of attack which is poorly protected by the 
роїпоег, the fighter must also seek to locate those angles from which the bomber is most vulnerable. In- 
volved in this choice of attack angle is the area which the bomber presents to projectile impact. Fig. 38 


shown qualitatively how the presented area of a typical bomber varies with angle of attack in a vertical 


plane, through the bombers path, 


Effectiveness of combat 15, moreover, largely dependent upon the "effective" ranges of the weapons 
involved. The fighter flying a pursuit course may present an impact area only 1/6 as great as does the 
bomber, For equal probability of hitting, the bomber’s fire control must be correspondingly more pre- 
cise. On the other hand, because of duplicated components such as engines, the bomber may be more dif- 
ficult to destroy. Also, if the fighter attacks from the bomber’s stern, the bomber, firing "downwind" can 
fire at the fighter at ranges from which the fighter’s rounds cannot reach the bomber. In such 


даа the 
рег, In сиса а сазе пе 
+ nee: 


ence of events in the attack may be as shown in Fig. 39. 
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дооь Now if the fighter’s rate of fire is high, but the guns have only a few rounds to fire, the portion of the 
E FIRST MER engagement during which the combatants fire at each other will be Short, and the relative chance of the 
BOMBER ROUND fighter winning in this portion will be high compared with the bomber's chance of destroying the fighter. 
REACHES FIGHT FIRE d I 


| Құлан 
FIRST FIGHTER ۶ 


ROUND REACHES 
BOMBER ۵۶۵ 


small, forcing the fighter to press in to a Short range before opening fire, and reducing the probability that 
Corr the fighter wil! survive the approach to firing range. 

FIGHTER FIRES 
LAST ROUND AND 
BREAKS OFF 


bomber as fighter’s firing time is varied for a given opening range. It will be noted that there is both an 
optimum opening range for the fighter and an optimum firing time (hence an optimum distribution of arma- 
ment weight between guns and ammunition), 

No numerical values are attached to the curves of Fig. 40 since only approximate values of airplane 
vulnerability were used in their computation, They indicate one of the methods by which analysis of effective- 
ness of armament can be improved as information on airplane vulnerability at various ranges becomes 


available from the field firings. 


Ув 


Аз shown in Fig, 39, the fighter must survive an initial penetration of the boraber's defense before 
it can, itself, open fire and attempt to win the ensuing duel,“ 7۳ vonnection, Some remarks may he 


made concerning the qualitative effects of varying the proportions of the fighter’s armament load allotted to 


SHORT OPENING 
RANGE О 


guns and ammunition, ООР 


Consider the one-pass fighter (such as a rocket »owered interceptor), Suppose that the bomber opens 


PROBABILITY OF DESTROYING BOMBER 


Depa mt to ce АЕР о ساس‎ 

bof Y y until its ammunition is entirely consumed. For a given arma- 
ment load, the relationship between total firing time апа Tate of fire is then аз indicated by Fig. 35. The 
armament designer шау have provided many guns with 
Бе high and firing time short, If few guns with many ro 
verse will be the case, 


few rounds per gan, in which case rate of fire will TIME FOR FIGHTER TO FIRE 
WHOLE AMMUNITION LOAD 


unds of ammunition have been provided the con- 


т---------- 
The present discussion applies primarily to guns. The figater Could. of course, launch a guided missile 


from well outside the bomber’s defense, 
1 


FIGURE 40 
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The effect oí these errors on lead computed by Eq. (11) may be estimated as follows. A simple for- 
mula for A 1s given by Hestenes! adapted from some work by Sterne when the target is a fighter flying а 
pursuit course. It is 


sin NEkro/vk-l -у/%, (12) 


where г is present range, Ve is fighter speed, Vo is muzzle velocity of the bomber’s guns. Then assuming 
that À is sufficiently small so that sin À ¥ А, and observing that for the pursuit course 


u Env [^ %у, sin а/г (13) 


where Vp is bomber speed, and a is angle of the fighter off the bomber’s tall, the standard deviation of pre- 
diction error 7 хт resulting from an input range error of standard deviation 5. 15 approximately 


CAPS (ко о, + [ kv sina /(v г) 7 )14( 


(2) Effect of Angular Tracking Error on Lead Error 


The angular errors of a radar tend to be highly oscillatory. Fig. 41 is a typical record of azimuth 
error and Fig. 42 of elevation error. A 20 mil bias was removed from the data since no attempt was made 
in these runs to calibrate out angular bias, although this was proven feasible in later runs. The target was 
a fighter 300 yards off the bomber’s tall, The average amplitude of error decreased somewhat as range in- 
creased, but the frequency composition of the error did not change appreciably with range in this series of 
tests. Rough air and viclent target maneuvers changed both amplitude and frequency composition of the 


errors, 


The following is a brief outline of the method employed to compute the effect of recorded tracking 
errors such as those of Fig. 41 on the prediction error of a hypothetical computer яз defined by Eq. (11). 


sipall enough зо that the changes in "u" 


First assume that range rita is can be neglected. Then Ед. (11) is 
linear with constant coefficients, and the A computed from any sum of inputs is the sum of the ۸ computed 

if each were applied separately. The lead computed for erroneous @, is then the lead computed for perfect 
@ plus the lead computed if only the deviation in 0) from the true value were supplied. Subsequent develop- 


ment therefore deals only with the error inw as indicated by Fig. 41. 


lupetiection Formulas for Airborne Fire Control", by М. R. Hestenes, AMP Report 104.2, Oct. 1945, pp 14 
to 16. 


Фо, Direct Firing Tables for Flexible Aircraft Gunnery, with Particular Reference to Caliber 0.50 A.P. 
M2 Ammunition,” by Т. Е. Sterne, Ballistic Research Laboratory Report No. 396. 


Report No. 45610", "AN/APG-3 (XA-1) Installation Approval Tests," General Electric Company, Schenec- 
tady, М. Ү. It is hoped to present a complete analysis of the data in this report in a later study, 
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E 1. *Probability.of-Hitting: The probability that а round fired from а gun strikes the target at which 
itis aimed depends up.iithe- characteristics oi tne weapon carrier, the gun and its ammunition, the target 
` and its filght:path, the fire сол ОЕ system and the atmosphere. A systematic study of all of these factors 
and'their effect.on probability of hitting is being carried out, and a large amount of experimental data on the 
operational errors of fire control systems in dynamic ground and flight tests 15 available, as well as re- 
cords of combat experience. It is hoped to present this analysis in future reports. For the present, more 
limited estimates are àdvancedito provide sufficient information to carry out a few computations of arma- 


ment effectiveness in-the present memorandum report, 


`a, “Bomber's Errors in Aiming Guns: The following characteristics are assumed for the bomber’s 
armament installation. Guns are assumed mounted in a remotely controlled turret. Tracking data is ob- 
tained for the computer by means of a radar which supplies both angular and range information. The com- 
puter measures rates and predicts according to the differential equation! 


au X ZÀ =u a, (11) 
In this equation . 


a = а smoothing parameter, chosen to be 0.20 in Ше present computations. Large "а" reduces 
the effect of input oscillations but increases the settling time of Ше computer. 


u = a time factor of the sight, approximately time of flight of the Shell. By properly tailoring 
u to present slant range г, a sight obeying the simple Eq. (11) can be made to give only 
small systematic (instrumental) error on a selected, most probable target course. 


۸ = lead computed by the sight 


0) = present angular velocity input to the sight 


The computer 2150 has associated ballistic circuits, but it is assumed that these function without 
error, and that the only errors in computation of predicted position of the gun result from the insertion of 
erroneous range and angular information to Eq. (11). This anticipates a computer considerabiy more sat- 
isfactory than present standard computers which may have very large instrumental errors in certain regions 
of operation, 


(1) Effect of Range Error on Prediction Error 


Examination of some test data on the AN-APG-5 airborne ranging radar at Armament Test Division, 
U.S. Naval Air Station, Patuxent River, indicated that errors in ranging tended to be substantially constant 
over а course, and’ for this series of tests were occasionally as large аз 20 yards. Only small deviations 
about this bias were recorded during a course. This error should probably be treated as random across 


courses, for if И could be anticipated, it could be removed by calibration. Further study of radar ranging 
errors 15 required for future reports. 


4 
“This smoothing -plus-predication equation forms the basis for many of the lead computing sights and direc - 
tors developed during World War II. 
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Eq. (19) was evaluated numerically for the whole-course azimuth autocorrelation shown in Fig. 43 
and the corresponding values of и are shown in Fig. 44. 


Note. that the autocorrelations have Ше general-form of damped sinusoids 


ф() = Ғы Td cos ws (21) 
In terms of (21), Ea. (19) becomes | 
درن‎ Ја а (22) 


а ay / T 


where @ is approximately the dominant frequency in the tracking error (about 2.3 rad/sec) and T d is an 
index of distribution of the error among other frequencies (about 1.7 seconds). 

(3) Combination of Errors: For Ше present report, standard deviation x of vertical and latera) 
tracking errors will be assumed equal, Target in the tail cone of the bomber only will be considered, Then 


letting б, be the contribution of angular tracking error to prediction error (up to this point referred to as 


с.) 
р а 
№ ПА (23) 
The standard deviation of aim in the plane of action is given by 
ты? =о,2/ 2 (24) 
I м Аг 
and Ше standard deviation of aim perpendicular to Ше plane of action is given by 

а ў | (05 

ohy = (25) 
Only short bursts will be considered, over which the deviations of the point of aim, ри апа да are substan- 
tially constant. Their values, however, are assumed to be drawn from normal distributions with standard 


deviations as given by (24) and (25 
A few remarks are iM at this point concerning the aim error. The aim error is not exactly 


repeatable over many courses. Hence it is not correct to assume a particular deviation of the point of aim 
from the airplane (such as 5 mils) to combine with the gun dispersion, any more than it 1s correct to 
assume ш advance that one knows what the deviation of a particular round from the point of aim will be. 
Errors in point of aim, like ammunition dispersion can be properly described only by statistical para- 
meters. А я 
Fig. 45 shows Ше recorded overall error in aiming a turret with a Mk-18 type of computing sight”, 


for a number of courses. The даа was taken in actual flight tests. The following comments may be made 


1 inal Report دہ‎ Mk.18 Sight Test їп Егсо ТН Turrets, Project PTR 32154 4 May 1946, Armament Test, 


F 
U. S. Naval Air ‘fest Cenier, Patuxent River, Md. 
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: pu Ље е: -respénge the compute: er`to a unit chànge/in input angle. From Ед. (11) 


| 202020007 t8 АЯ -1/ буге поела” ЕНЕ 
D'Y : ба du 
2 at . > Where siis time, . . 
үн 0ے‎ Ше output of the. computer Ур (t) at time t, resulting from any arbitrary input which 15-а func- 
و‎ ° 


sanies ----ногонцикеудогъненгаване s record of Serge in Fig: 41, is by-the Boltzmann-Duhamel superposition 


е oF pe 2 ғ 


: - theorem * zo d au ; 

=з === = Qe EA (tj J у (t-3) АЧв) ds (60) 
ve i This expression could be evaluated.nunierically. A'(s) decreases rapidly enough with s so that the integral 
de 


mot а савти edzmore than.&.few seconds back into. the past from t. 


a: : ‘or present purposes; only the ‘staridard deviation of Ур is required, The standard-deviation of in- 
гі А ° ^ pul prediction errors are defined:by 
۳ 4 4 Й T 
, Ж \. £: " ыт 2 1 
۴ ih қ i "я =: | P | | Фр کے‎ J 39 12 at (17) 
- Ë x (18) 
> = 2 
wos z= с = 1/2т —' . 
o 
| J y 000 at 
š -T 
5 7 , Where 2T is the length of the course over which the error is recorded. Difficulties with the integrals at 
NES S 7 the course.extremes can be avoided by assuming y o = 0 outside these limits. (The computer gyros might 


E be consideréd caged;-for example). 
The ratio 0 9/0, is represented by и, the amplification of the computer. Substituting (15), (16) 
T ^  anó(í8)into (17), and performing the integration, tne rem u is obtaineó that 


a east? 0 a] sau fbe Y as a9) 


where | $ф($) = 1/(2T оў) f senio dt ۱ (20) 


жы да ‘is Wiener’s autocorrelation function,? a quantity easily computed from the tracking errors on IBM ma- 


E ا‎ Fig. 43 shows the autocorrelations computed from the data of Figs. 41 and 42. The quantity 
-s/au, А : 
i e in (19) determines the relative importance of ф at various $. For u < 2. seconds and а = 0.20 only 


се ` the values for s < 1.0, second affect the result and there is no significant difference between the curves in 
کے‎ this region, 


1 қ 
بر‎ for example, "Operational Circuit Analysis" by V. Bush, John Wiley and Sons, р. 57. 
A much more detailed description of this method has been presented by one of the authors in an earlier 


memorandum, Memo. Н.К. Weiss to Director Antiaircraft Service Test Section, Army Ground Force 
Board #1, Ft. Bliss Texas, 19 Nov. 1945, Subject "Computation of Prediction Functions." 


3. 
N.D:R.C. Division 2 Report to the Services, by N. Wiener, 1 Feb. 1942 "The Extrapolation, Interpolation, 
and Smoothing of Stationary Time Series". 
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a, The error 15 never-the same on successive courses 
`, The error varies during а course 
с. The error 15 rarely near zero or excessively large 
The actual errors shown in Fig. 45 are not indicative of accuracies of fire control systems under 
development, since range input was by stadiametric ranging. This source of range is much less accurate 
than radar, The variations in error may be considered typical, however. 
In the present report the aim error will be assumed constant over a short burst, but varying across 
courses ina manner described by a Gaussian distribution. Methods for accounting for the variation of the 
error with time for а long burst are also available, thanks to work by Dr. T. Е. Sterne, and will be em- 


ployed in succeeding reports, 


(4) Dispersion of Turret plus Guns: Superimposed on the aiming errors hy and hy is the dispersion 
of turret, guns, and ammunition, which will be considered random between rounds. It is probably more 
айс to keep dispersion small for a turret mounting large guns Шап fur a turret mounting small guns. 
It is hoped to obtain information regarding this variation, For the present, the same value vi Дре ри 
will be assumed for all of the gun-turret combinations considered. 

a. Fighter’s Errors in Aiming Guns: The fighter is assumed to carry fixed guns and a lead com- 
puting sight. Eq. (11) still defines the method of lead computation, although the computing circuit now 
constitutes a "disturbed reticle sight" instead of a computer. A value of "а" of 0.42 is typical of fighter 
sights. 

Unfortunately for analytical purposes, in the case of the lead computing sight, the dynamics of the 
tracking system (sight plus plane plus pilot) are affected by parameter "a", hence the method of analysis 
employed for the bomber’s fire control cannot be employed. 

The following information regarding tracking errors of a fighter aircraft has been obtained ‘гошер 
Wright Field’, An 7 67-5 fighter was dived at a fixed ground target, and errors in keeping a Mk 8 fixed 
sight and a Mk 23 gyro sight on the target were photographically recorded, When all errors for all four 
pilots were averaged, an average error of 2.44 mils was obtained for the Mk8 sight and 1.24 mils for the 
Mk 23 sight. Air speeds varied between 170 and 310 knots. When all uf the tracking data was divided into 
two speed groups, and elevation and deflection errors listed separately, the following average errors were 


determined, 
elevation Deflection 
230 knots 0.95 1.52m 
23C knots 1.09m 1.82m 


1 
This is the effective value of "a", If о in Eq. (11) represented ungulur velevity of the airplane rather than 


the line of sight, "а" would be replaced In (1 у а) 

"Report "Experimental Determination cf Tracking шассига ес |f Fixed und Disturbed Computing Gunsights 
in Fixed Gun Fighter Aircraft", 24 August 1946, prepared by four Naval Officers under the dl; ection oi Dr. 
C. 5. Draper, Instrumentation Laboratory, Massachusetts Institute of Technology. 
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For a given range at which Ше round is fired (r) the.slower round travels a greater distance (in firing 
from the rear at Ше bomber) to impact the bomber, hence à given mil error results in a larger yard error 
at the target. $ 

This effect also applies to deviations of the bomber’s fire, but in the case to be considered, of short range 
fire to-the rear, test computations indicate that it is sufficiently accurate to take P = r in computation. 

The ccmpounding of the contributions to prediction error of tracking error and ranging.error are to 
beicarried out for the fighter in the same fashion as for the bomber. 

The dispersion of gun and ammunition ‘are, however, considerably smaller for the fixed gun install- 
ation than for the bomber’s turret. А 

b. Probability of Hitting: уоп Neumann's "diffuse target" concept considerably faciiilates manipu- 
lation of the expressions for probability of hitting, and is considered sufficiently accurate for present com- 
putations. The following assumptions describe the method to be used. 

Deviations are measured.in a plane through the center of mass of Ше target and.perpendicular to а 
trajectory through.the center of mass, the x axis lying in the plane of action, and the y axis perpendicular 
to the plane of action. 

A short burst is fired. As a result of ص09‎ and ranging errors, the point at which-the gun is 
aimed lies at distances he hy from the center of mass of the target. Individual rounds are, however, гап- 
domly distributed about this point with standard deviations in th. two coordinates 7 апа ey There are 
n rounds in the burst. The probability that any one round hits is small, but the expected number of hits 
is not necessarily small. Then if p is the probability that one round is а hit, the expected number of hits 


Eis 
Е=пр ` (29) 


and the probability of exactly г hits is, by the Poisson formula 
Hy = رتو"‎ eF (30) 


Following von Neumann’, the probability that a round impacting at x, y is a hit is written as 


2 2 
eO" - W/ay) (31) 
where а, апа ay can be related to the size of the target by А, = та. а, Then with the center of aim at 


ж 


h hy the probability-that a round is а hit can he shown to be 


y +2 бу (32) 


р= جا‎ E 
CETELE +20, 2 +2а, 2⁄1 


1Зее appendix Бу J. уоп Neumann to BRL Report No, 241 "Optimum Spacing of Bombs of Shots in Ше Pres- 


nee of Systematic Errore! by L. S,.Dederick.end В; H, Kent 


ence cl 278 2 ла یں‎ 


Breit, G., BRL Report No. 549, “Diffusion of Fire Control Errors and Probãbility of a Preassigned 
Number of Hits". 
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When the tracking: data was و‎ E angle врана; the following table-was obtained 
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иж аж. ` š 5 . Elevation . Deflection 
| i 5 : 0.82m 7 14m 
: کڈ‎ Us 0.88m 1.39m 
Í а os 1.45m 2.44m 
The airplane is more difficult. До: control laterally because coordinated movements of ailerons and 


“ғ. 
жек теу СӨ انت ٹور‎ ы мш: 2 
$ 
° 
° 
ا‎ 
ies 
to 
сл 
о 


ir 3 
Кака 
т. 
ва, 


£g РА 
к 
u 


4 rudder are xequired,, hence’ ‘the large deflection errors. The report.also-comments that higher required. 
control forces at high. speeds: increase tracking difficulty. Speed is also increased аз dive angle increases, 
and itis: observed in the report that there is increased difficulty in trimming the airplane } in steep dives. 
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“Тһе tracking errors arê less with-the disturbed reticle sight, since the gyro tends to:stabilize the 
reticle in spite of airplane and pilot irregularities. The guns, however, are fixed to the airplane, so that 
the effect of tracking errors on'thé.gun errors would be i the same for the gyro sight as for the fixed 
зайг the amplification of error in the sight were about 2, o, 


Va 


A study is. being made of the frequency composition of the errors recorded in this report. Insuffi- 


е 


cient information is at hand: at present to make rational estimates of the effect of tracking error.on pre- 


-- 


diction error at a given range and angle of attack position when only tix.e of flight in the computing sight 13 


وی یم یت جو a NC‏ لئے 


аре varied’. For this reason the contributions of mil tracking error tc mil prediction error at a particular 
z range Will be taken as constant in succeeding computations of the present study, although times of flight for 
Ж 
"2d the various guns at the range chosen may vary somewhat. | 
Да Time ot flight does affect contribution of range error to prediction error, in а manner which can be 


estimated, The lead required by the fighter is approximately, in the plane of action 

9-4 sind = го Ум - v,) >۷ (tP) sina (26) 
where the quantities ih the above expression are defined in Fig. 46. Then if there is an error б, іп range 
input (г) to the sight (assumed to oe an angular rate x time sight) the corresponding mil error in pointing 
of the gun is 


° € 


е 


о (АЛ) c, Я (27) 

si 

к= Now if ois any angular error at the instant of firing, the rounds travel a distance P to the target, 
hence the angular error results in a yard error Р at the target. From Fig. 46 P is given by? 

1 

} A P cos À = гу уы, сова (28) 
lphis is only the effect of tracking error. The gyro sight’s main purpose {s to compute accurately the lead 

T which must be estimated by the pilot using the fixed sight, hence the overall accuracy of gun aim with the 

А : computing sight should be considerably better than that of the fixed sight, 

000-9 


n- 
“Range was set constant in the tests of the above report, 


zu З is Ише of flight of the shell іп these expressions, 
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It, in аай points-of aim hy hy obsedo over many bursts form normal distributions with standard 
deviations, tlh y but are s от any'single burst) the average probability-that an error in aim 
hy ik КЕ dar exactly "hits are obtained in the burst fired at this erroneous.point of aim, сай be 


1 
ЕС to be by methods 46У60ред-іп а prior memorandum report by one of the authors 


ШЕЕ H= 3 ”ری‎ arm : 
Fr o ТИП bsp me] А 148 (mez)] 78 (33) 
) за 
where x 
; зн (34) 
К к Te meee д 2 2.1/2 
(4, %26, (ау %2 a) 


E | B. "= (35) 


В, = =y (36) 
а, + 2 cy 


Considering any single round of the burst, the "single بب‎ probability" that it is a hit 15 


1 1 
Pey [@/вд; G 752] (37) 
For the symmetric case where а, = ау» с за y ч xU hy’ Eq. (33) reduces to the simpler form 
1,1, ,1 5271 
وت ,2 و‎ (+ 5) I(u p (38) 


where 


р=г-1 + de а= — 
B! АВ) 
where Г is the complete Gamma function? and I refers to Ше incumplete Gamma function", Eq. (38) has 
been evaluated for Но and the results are plotted in Fig, 47. The pri. Sability of at least one hit is 1 - H 


1 
Weiss, H. К, BRL Memorandum Report Мо, 448, " 


On the Attack f 4 jur,- 
Bearing Fighter", 23, October 1946, ء"'‎ 77 


2 + 
Tabulated in "Tables of Functions", Jahnke, Emde, Dover Publications, 1943, 


tabulated i in "Tables ot the Incomplete Г -Function", Edited by Karl Pearson, 


‘Press, 1934. Cambridge University 
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turret contains sufficient ammunition for а continuous duration of fire of 30 seconds. When the fighter is 
at a rarge of 500 yards to the rear of the bomber the bomber fires a one second burst. Cases of the 
fighter directly to the rear and 30° off the bomber’s tail are included. Computations are tobe made of the 
probability that the fighter is destroyed by this burst. The following assumptions are involves: 

a. The number of rounds fired in the burst is obtained from Eq. (9), hence includes the effect of 


gin weight, rate of fire, ammunition weight, weight of turret structure. 


b. The dispersion of gun plus turret 15 4.25 mils and is the same for all turrets. This dispersion 
is superimposed оп the aun error. The distribution of deviations from the point of aim is normal and cir- 
cular. 


с. The turret is controlled by a good fire control system, with a standard deviation of present po- 
sition angular tracking error (lateral and vertical) of 3.0 mils and a standard deviation of radar range er- 


ror of 20 yds. The amplification of the tracking error is obtained from Fig. 44. The equations of рага- 


graph 7 are used to compute standard deviations of the point of aim as caused by the foregoing input er- 


rors, No bias errors of the computer are assumed, (hence the statement of a "роса" fire control device). 

d, Vulnerability figures for A-kitls on the P-47 are taken from Table 3 of the Par П of this pre- 
Sent report. 

e. Since the target 15 а single-engined fighter subjected to à short burst, cumulative damage 15 not 
considered, and the probability of a kill is computed from Eqs. (33) and (40). 

f. The bomber is assumed to be flying 450 m.p.h. and the fighter 500 m.p.h. Exterior ballistics of 
the rounds fired are as given in Appendix К. " 

Results of the computation are shown in Fig. 48. The 30mm Mk 108 gun firing H. E. ammunition 1$ 
indicated (subject to the assumptions of the computation and tne uncertainty of the basic data) to have a 
slightly higher probability of destroying the target than the other guns considered. The contributions of the 
various factors involved to this overall result may be seen by the figures of Table 10 which indicates inter- 
mediate stages of the computation. The quantity A the expected number of А-КШ5 for no aim error, (Eq. 
40) can be written with the aid of Eq. (8) 


A=(/T)72 (p/w) Wi- 100) 
where ыт is the fraction of the total ammunition load fired in the burst, (1/30 for all guns), 7 ۾‎ is 


(42) 


lsee also BRL Report 170, by Н. H. Zornig and Б.Н. Kent, "A Method of Determining the Relative Efficien- > 
cies of Two Types of Aircraft Guns," and BRL Memo Report No. 221 by Major T. E. Sterne, Comparison үз 
of Са]. 0.50, 0.60 and 20mm Flexible Armament for Bombers," both of which suggest equal weight-equal 

time comparisons for armament. 


A pha reason that this single short range was chosen is that sufficient damage information for computations 
at otuer ranges is not available at the time of preparation of this report. As described in Part I of Чирен 
port, information is being obtained at other ranges and should be availabe shortly.- 5 Wen 


rhe probability of a kill increases monotonically with A for constant B. 
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= ." “The mote general сазе ofidetérmihing the probability of exactly "г" hits when h, and hy vary during 
pu the burst has been solved:by Dr. T. E. Sterne whose solution гедисез 10 (38) for the,case of perfect cor- 


relation. between aiming errors during ще burst, 115 hoped that Dr. Sterne's development may be pre- 


. sented in alaterreport; | P 
` All rounds-hitting the target are riot lethal. If each hit may be considered an independent attempt to’ 
destroy the target (non=cumulative damage), and the probability that a hit is lethal is Py Eqs. (38) and (39) 


"may be-used to Compute the probability-of a kill 


mera, е 


3 


= Py =] - ا‎ | (39) 
„° Where, however, a.new expression for A is taken instead of (34) Ы 
} 9. 
595, А = про (40) 


JE `. For Ше general case where successive hits on the airplane cause related damage (for example a 
В twin-engined airplane may be brought down by engine damage only if rounds strike both engines), Ше prob- 
ability that пи randomly:distributed on the airplane will destroy it may be separately computed, by the 
methods described in the first part of this report, and combined with (33) to obtain the average prc ability 
that the airplane is destroyed by the burst 


i š = + г. п 

o P ка 22 р crr 
20 үзі 

NES where p e is the probability that exactly г hits will destroy the airplane and н, is the probability of ۔جاہ‎ 


XP taining exactly г hits in the burst of n rounds. Graphs of p Да against г are given in Part IL of Ше present 
2 = report (with slightly different notation) for various vulnerability conditions for the P-47 and B-25 aircraft. 


(41) 


| 8. Overall Assessment of Armament for а Bomber Turret: At Ше request of the Office of Chief of 
Sp ° Ordnance, 2 brief comparison was made some time ago of the guns fired in the Optimum Caliber Program 
e as armament for a bomber turret. Results. of the computation were circulated for comment in memoran- 


. 


dum form! and many helpful and informative ¢::mments were received, particularly from the Army Air 
Forces and the Navy. The following comparison 10llows the same lines as the original study, but is 

believed:'to be considerably more realistic, since the weight of the turret Structure is now included, and 
the estimation of probability of hitting is related to specific characteristics of a fire contro! system, In 


the earlier memorandum probability of hitting was assumed inversely proportional to the square of time of 


и селу 


flight, if only Lime of flight were varied, with range constant, This assumption is demonstrably untenable 
at the short ranges to be considered. 


2 The following set of conditions is considered. А P-47 fighter attacks a bomber defended by а 
turret with an all-up weight (exclusive of fire control, tracking station, and operator) of 1500 lbs. The 


ко 1 З 

2 j Memo. H. K. Weiss to Dr. T. E. Sterne, 22 Oct. 1946, subject: Armament for а Bomber Turret. 
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"armament efficiency", the fraction of the turret weight allotted to ammunition, and ИДА is Ше probability 
that a hit by a single round causes an A-kill divided by the weight of one round complete with link. The 


quantity B used in computing overall probability of a kill depends only on aim errors, dispersion and tar- 
get size, Its effect can be indicated by computing the single shot probability of a hit. Table 10 shows the 
separate factors of (42), and also the single shot probability of a hit. ` 


Observing the column (p /w..) in Table 10, it will be noted that the 30mm round has a higher prob- 
ability of kill per pound of round weight than any other round. This high terminal baliistic efficiency gives 
the round a great initial advantage over the other rounds. The column "Armament Efficiency" indicates that 


the high rate of fire and comparatively light weight of the gun, together with its low muzzle energy, permit 

almost half of the turret weight (.47) to be allotted to ammunition. Only the Cal. 0.50 M3 gun has an equally 
high armament efficiency, but the probability of an A-kill per pound of the Cal. 0.50 API-T round is only 
one quarter as great as the probability per pound of the 30mm. Finally, since the firing is to the rear at 


TABLE 10 
Single Shot Probability 
Of Hitting 
Gun Ammo (pc/wa) Pss Pss 
A-Damage Armament O Degrees 30 Degrees 
Efficiency 
0.50 API-T .063 .377 181 162 
м2 M20 
0.50 API-T 063 471 181 162 
M3 M20 
0.69 API 118 ‚361 195 ‚179 
Т17Е2 T39 
0.60 INC 717 .361 195 179 
T1722 T36E2 
20MM НЕ! .097 376 171 154 
M3 M9: 
20MM INC 123 376 171 4ء‎ 
M3 M96 š 
зомм “HE 130 .315 158 141 
708 
зомм НЕ 6 .471 .121 .103 
МК108 
37MM HE 135 0ء‎ 137 120 
мо 4 
37MM HE 103 109 165 145 
м9 4 
CONFIDENTIAL 
» <. PE سس‎ 
- = Оса یی‎ 5 
پٹ‎ 
` d ж К, ы 
Ы 4 "i +. 
ч Ви % 2% 
/ - p: z 4 - 


“. 


иен سس‎ V 


та 


"y 


37 MM H.E. 
M9 


37MM H.E 
М9 


LE کی‎ жалмен یی‎ ‪990 „А, 2 
——— . — 


| ‘CONFIDENTIAL 
— up ل‎ — 


FIGHTER ATTACKING 
DIRECTLY. FROM REAR 


= ` — a ` 5 

д 3 ы 

к Е = ° ы g г" Чо d 
а. Ê au Жо = ` xŠ 2 о 
< ю жи - ж. х ж zz 
OX of ot OF پچ‎ == #1 zX аз 
в © ЯК өк а-а n 9 6 


| ` COMPARISON OF ARMAMENT FOR 1500 LB. 
BOMBER TURRET. PROBABILITY OF DESTROYING 


P-47 FIGHTER АТ 500 YD. RANGE BY | SEC.‏ لا 
Í BURST (1/30 TOTAL АММО. LOAD)‏ . 


$ 7 * 
411 
== FIGHTER ATTACKING 
445 i КТ. 30° OFF TAIL 
7 
E 
+ 
1: 
AT 
کو‎ 
aç; 


= H ИН о H 

- E - S ш = u u u 
Е a. ав ты ш = z Zo y. 
44 дю 44 =a э go گے‎ 22 3 
$" ол ٹج‎ SE zs m ci аш 3 
: Д - Se о о о о 

о с © o Q o ю m 5 

FIGURE 8 


CONFIDENTIAL 


CONFIDENTIAL 99 


---- 


2. "Multiply" Vulnerable Bomber: The bomber can be shot down by structural damage, by fuel cell 
ignition, by stopping both engines, or by killing both pilots. 


An abbreviated form o! the method described in Part П of this report wlll be employed to take care 
of the "multiply" vulnerable case. The procedure is as follows: 


Let p be the probability that a single rowa hits the airplane, and assume that any part of the air- 
plane is as likely to be hit as any other part. Let Pe with appropriate subscript indicate the probability that 
lf a round strikes the airplane it will disable a particular component. Only "A" damage will be considered 
In the present computations: Let E represent the expected number of lethal hits from the burst. Then, in 
general, the expected number of lethal hits on a component is - 


-E = npp, (48) 
Let By ЕФ Е р* Е, represent expected numbers of lethal hits on singly vulnerable cc.mponents, one engine, 
one pllot, and the whole airplane, respectively. It follows that 
Е =, / 2E, 7 2Е, (44) 


(Note that a hit lethal to ал engine ог а pilot is not necessarily lethal to Ше airplane). 


The probability that no singly vulnerable component receives a lethal hit, is, assuming individual 
probabilities small, but E not necessarily small, + 
„В. 3 (45) 
The probability that one engine survives is e -Ее e prooaoility that it does not survive Is 1 - e" Es, 


the probability that both engines are killed as (1 - е Ее)? › the probability that both engines are killed is 
(1-е Ее) , and Ше probability that both engines are not killed is 


1-(1- e Ee? (46) 
Similarly the probability that both pilots are not killed is 
твое Ер (47) 


Since Ше above three items represent Ше oossible ways of destroying the airplane, the probabillty that it 
e Fey] [ - (1- 


а 22bE E, = fraction of expected lethal hits on plane received by both engines 
е 


15 по! destroyed is their product. 


рева |1-а- e» (49) 


which can be simplified by letting 


a = 2E „Е, = fraction of expected lethal hits received by both pilots 
p ` 


Then 48 becomes 
d „за E „ба Е 
“уге 442) (49) 
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ой جج‎ = 


е ау shbrurange in the-cdsés. ónsidered, tñe 30mm gumis not.greatly penalized in probábility of hitting 
ھواإ دسر نمس سد کہ اجس‎ The Cal, 0.60 gun-with-high muzzle Velocity indicates the highest probability 


T GRU‏ لبون میتی 


‘of hitting which,-together with fairly high probability рег pound and average armament efficiency combines 


gr ‘B.show an overall probability of Kill slightly 1655 than that of the 30mm. 


Thetact that several of the guns and ammunitions show. nearly the same overall probability of kill 
“in Fig. 48 means that a clear choice among them caniidt-be made on so brief an examination of their char- 
acteristics: Аз future informations obtained on firings at longer ranges, It 15 believed that thé difference 
betiveen. guns willincrease: to:the point where such а cholce:ean be made and: substantiated. The present 
computations are to be considered as illustrative of a method rather than as giving а final result. 


9; Overall Assessment of Armament for a Fixed Gun Fighter: 
а. Tactical: ASsumptions 3 


A thorough comparison of alternate types of guns and ammunition as armament for a fixed 


gun fighter must involve the possibility of various types of attacks, closing speeds, and must consider 


the defensive armament.of the target being attacked. In particular, as described in paragraph 6, the opti- 
mum, opening.and-closing range for the fighter, and the optimum number of guns for a given weight of arma- 
ment installation must be determined. Such complete analysis will require the results of firings at other 


== ` anges than those which have been completed in the Optimum Calioer program to date, and will be carried 


out as such data are made available. 

For the present, the following simpler situation will be considered. The fighter is assumed to have 
attained a position 500 yards to the rear of the bomber, and about 20° off the bomber's tail. Its fire is 
directed at the bomber from about 13° above the bomber. The bomber is a B-25 consldered here since the 
Optimum Caliber firings apply directly. The extension to multi -engined jet bombers will be carried out 
in later reports, E 

The fighter speed is assumed to be 450 m.p.h. and the bomber speed 400 m.p.h. Presented area of 
the bomber is 33.3 yds. Ammunition dispersion for the fighter's guns is assumed to have 2.0 mils stand- 
ard deviation for all the guns considered. Later analysis will employ the proper variation of dispersion 
with caliber. The aiming error perpendicular to the plane of action 15 assumed to be 3.0 mils. The de- 
flection error m the plane of action is assumed to be 4.5 mils plus the deflection error resultlng from 20 
yards error in range (good radar range). The deflection error varies with shell velocity, as does the yard 
error at the target corresponding to the assumed mil errors at the fighter. The dim errors are assumed 
constant during the attack, but randomly distributed with the above standard deviations across attacks. 


b. Bomber Vulnerability 


The bomber is assumed to have main fuel cells full and auxillary cells empty. Two types of 


bomber vulnerability are considered. 
1. Singly Vulnerable Bomber: The bomber 


сост 
мипоег Car 


‘ignition, by stopping one or both engines, or by killing 


= Shot down by structural damage, by fuel cell 
т both pilots. 
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The theory of ammunition requirements for a multiple-pass 1 ghter is in an embyronic state at the 
time of writing, but the following brief discussion is offered, Suppose a fighter carries N rounds of ammu- 
nition, It attacks its first bomber and opens fire, As each round reaches the bomber there is a probability 
that the bomber will be destroyed, possibly by this round, possibly-by the cumulative effect of all rounds 
up to the round being considered. If the bomber is destroyed, the fighter breaks off at once and seeks а 


second target. There is, of course, also the probability that the fighter is destroyed, which must be con~ 
sidered as well, 


The fighter continues to attack new targets until its mission is completed, or it.runs out of ammu- 
nition, For the simplest case where each round represents ап independent attempt at destroying the target, 
the probability of destroying M targets can be shown to be = 


Pi" 1-H - H, - -Hy (58) 
for M < N where Н y 15 the probability of obtaining exactly "г "r" lethal hits. The first lethal hit accounts for 
the first bomber, the second for the second, еіс. The fighter may return to base with unexpended. ammu- 
nition, which accounts for the fact that В, is equivalent to the probability of "at least" M lethal hits. 


d, Results: Fig. 49 shows the time required for Ше one-pass fighter to attain 50% and 90% prob- 
ability of a kill against the singly vulnerable bomber. Fig. 50 shows the reciprocal of this time, 2 form of 
presentation which is more convenient for visual examination uf the figures. This reciprocat of kiiling- 
time is roughly equivalent to the rate of Lavrcass vi pray ol а xti witk firing Ме. 

Fig. 51 shows time required for the one-pass fighter to attain 50% probability of a kill against the 
multiply-vulnerable bomber and Fig. 52 shows the reciprocal of this time. 

Fig. 53 shows time required for the multiple-pass fighter to attain 50% probability of a kill against 
the multiply vulneraole bomber, апа Fig. 54 shows the reciprocal of this time. š 

In these figures the type of ammunition is identified on a line with thl . Los, es а шшш gun model 
listed below it. 

Note that the order of effectiveness of ihe various caiioers and ammuntitions does not change signifi- 
cantly in the three sets of conditions considered. The 30mm gun Mk-108 firing HE ammunition shows the 
ahevtect firing time tc reach the chesen probabilities cf obtaining an А-КШ on the bomber for а given total 
armament weight, Jt must be remembered, however, (see Appendix K, Exterior Ballistics) that the МК-108 
rounds would not reach the bomber from a range of 1000 yards. х 

The figures indicate that from 500 yards and Ше chosen angle of attack the 20mm Incendiary round 
is more effective than the HE round. On the other hand, the Cal, 0,60 API round appears more effective 
than the Cal. 0.60 Incendiary round, from this angle, A discussion of the effect of angle of attack on ter- 
minal effect of the various rounds will be found in Parts I and II of this report, 

A discussion of the manner in which the various parameters affect the results illustrated in the pre- 
ceding figures is facilitated by reference to Table 11, The column Ре АА shows the " ‘probability per 
pound" of a hit causing "A" damage If the whole airplane were singly See The amount by which this 
quantity is reduced by duplicated components (engines and pilots) is indicated by the table of ісу (fraction 
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Now. consider the probability: 0Ê hitting thêraizplane, .D.. Assume circularpormal distribullons:of 


gun dispersion and d aiming error, “Then following: the method of paragraph 7-с апд не references given 
there eim, s 7 md eee ұ : 
7 0 ри E == ре въз. e м 3 
SES EE Tapes uS (50) 


" wher’ his constant dor the burst but порталу distributed across bursts. Then if the probability that h 
tags а valué between h and h у dh is writtén وید‎ 
> Ё + ات‎ === ч e 2/2 т? dh (51) 


° 


° 


а 


the probability. that Et assumes a value between.E, and E, y ЧЕ, i$, making the transformation suggested 


.2 نے Dol‏ قاو ہے 
yer dE c (52)‏ ورڈ i» 5 x PEJA, = 7 (BA‏ 
and the average value of p. » is 1‏ 
VETE a р.р(Е) ЧЕ, (53)‏ "یا 


са us Now the general term of Ps is 


and making a changë of variable ЗМ = E, b їп (53), the generalterm is 


"b ERN № в — VB4 
وت‎ 5 В(АБ) 3 4 E dE, (55) 
کے‎ s А TS ó 
— om e у which has-the:solution-given as Eq. (38) if A is replaced by Ab. Hence Fig. 47 can be used to obtain the 
š EN 5 individual terms of (53), and the results summed to give бе The probability that the twin-engined bomber 
Е | is destroyed. Бу the burst is then 
پزظ‎ =1 - Bs (56) 


The distribution of aiming errors is not circular normal, 25 derived from the assumptions at the 
head ofthis paragraph. An approximate value of B, replacing the elnpticat distribution by an approximate 
circular distribution will be employed, obtaining 
1/2 


В= (B,By) (57) 
“ с. Assumed Fighter Types: Two types of fighter are considered. The one-pass fighter is as- 

i sumed to carry а total armament weight (guns plus ammunition plus associated structure) of 1000 155 and 
to use up all its ammunition in one pass. The time required for the fignter-to attain 40% (and in one case 


(пе LIE. to аг 


\ 90%) probability of destroying the bomber is computed “he multiple pass 009 is arbitrarily assumed 
== = 7 тогсаггу я iboes the amount of ammunition required to attain 50% probability in à single pass, and has a 
وت‎ total armament weight of 1500 ibs, К É 
i 
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ARMAMENT FOR MULTIPLE ATTACK 
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The effect of probability of hitting is shown in the columns headed пып, is the number of rounds 
which must be fired to obtain 50% ог 90% probability of a hit under the assumed values of aim error and 
dispersion. Many times this number of rounds must be fired to obtain the same probability of a lethal hit. 
The comparatively small numbers listed under n. indicate that the assumed values of aim errors are con- 
siderably smaller than existing fire control devices permit. It should again be remembered, however, that 
this chosen angle of attack and range do mt present a particularly difficult problem to the fire control sys- 


| А за ПОЕЗЫ Кыны» TV 2 tem. For 90% probability of hitting, there is about а 2:1 difference between Ше Cal. 0.60 and the 30mm 
T. ARMAMENT FOR. MULTIPLE 5 АТТАСК guns эпдег the assumed concitions, S 


= تی رز در جج‎ n TÉ R- RECIPROCAL OF The final column is of 7 » the time the gun requires to shoct its own weight (plus mounting weight) 


тіге REQUIRED: FOR 60% PROBABILITY 
Or "A* KILL “MULTIPLY” VULNERABLE 
8-26 TARGET: АТ 600 YARD RANGE. 


in belted ammunitiv.. If all other quantities (p. Ya -— and n.) were equal, the time required for г, gun 
to attain a particular probability of а kill would be proportional to т > (see Eq. 10). Hence the time ге- 


quired for а kill is directly proportional to the gun weight and inversely proportional to its rate of fire. 


23 


The Cal. 0.50 gun M3 and the 30mm gun Mk 103 both show excellent efficiency аз machines for rapidly 
projecting large weights of ammunition, but the terminal effect of the Cal. 0.50 rounds is comparatively 
small. The 30mm rounds, therefore, with their high "probability per pound" fired from a gun with low weight 
and high rate of fire, give a very high overall effectiveness to the armament installation е'ирюуше 30mm 
guns, as indicated in the figures. 

Comparing the charts for killing time against the "singly vulnerable" bomber with those for the 
"multiply vulnerable" bomber, it will be noted that the relative standing of the heavier rounds improves 
when two engines or two pilots must be killed. This is a result of the fact that the heavier rounds do гейа- 
tively more structural damage and have higher probability of igniting the fuel cells than do the small 
rounds. И the pilots had increased armor protection and the airplane had four engines, the effectiveness 
of rounds smaller than 30mm would drop significantly in the comparison, 
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APPENDICES 


Appendix A 


FIRINGS COMPLETED BETWEEN MAY 1946 AND 1 DECEMBER 1946 


In the following table the line of fire is designated by the angle 9, which is the angle in a horizontal 
plane between the line of fire and the longitudinal axis of the fuselage and the angle g, which is the angle 
that the plane of the wings makes with the horizontal. The plane of the wings is defined as the plane pass- 
ing through the leading and trailing edges of the wing. Leading edge up will be referred to as a positive 
angle for f and leading edge down as negative. It is not necessary to distinguish between positive and nega- 
tive values of 0 because of the symmetry in the horizontal plane about the longitudinal axis. 

Tn general, impact firings have been conducted from both the front and the rear against the target 
aircraft. In either case the angle 0 was 20° and the angle f was usually either 13° or -13°, 

A few firings conducted after December 1, 1946 have been included in this table when it was pos- 


sible by their inclusion to present complete results on a firing phase. 


в" 


E 5 2 ° m 10.. Conclusion: dü-closing this preliniisary;study it is necessary to emphasize again that the fig- 
arisons of the guns and ammunition of the Optimum Cali- 


е ВИЕ я ES ureš it this memorandum ‘report. гергезейЕ comp 

| Е کی‎ c 29% ber Program in highly. limited tactical situations. The conditional probabilities that hits are lethal have, ' 
"7 ° moreover, been taken’ from- the data reduced to date in the- Optimum Caliber Program, while additional 

== -Gdta,.already available from firings completed since 1 December 1946 may Change the probabilities some- 
what while'increasifig;their" accuracy. The.methods of analysis ої overall:effectiveness are themselves 
subject to- Fefinement-and_¢ extension as the study progresses, The authors desiré therefore, to submit this 
„report primarily as а sumimary of the experimental results and methods бї attack to date, as an indication 
pw liñes of thought being pursued, arid-as’a review of the relative standing of the ammunition and gun 
types tordate, Only When data are available over a wide range of tactical situations and the possibilities of 
“improving 6 both: guns“and ammunition over present standards have been considered can clear recommend- 


-atiohs: be made regarding an “Optimum Caliber", It is anticipated that succeeding reports will bring the 


7 И “analysis closer to this desired: objective, 
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` TABUE. Al. 
coMPLEÍED FIRINGS AS ÖF DECEMBER 5 1946 қ 
» Ammunition Range Line ofFire Total APG 
HER ہے‎ са. Туре Gun (yds) © deg. 2 Hits F.R. 
eee Р Зет НЕ Мк108 Зет АС МК108 (Сег.) 200 20 13 4 Р-41071 
Фор HOES теч Target: Р ЕК” Fuel Celis, Rear Above JP-1, Kerosene ‘Filled | 37mm HE M54 37mm АС МО 500 20 13 4 D-41072 
КУ Мы Amminition + u қ Range Line of Fire Total · АРС . p.59 کر‎ 
š ° к 2 — E Е бте бип 6 A 0 аа. Hits FR. ; 4. Target: P-59 Fue) Cells, Rear Above, Kerosene Filled ' 
а: Sa E mA Pha MIO. за Mani Ван. (8 long) , 500 20 13 25 P-41261 Po. 60.  APITS9 .60 Mann Barrel (60" long) 500 20 13 13 р-41272 
: .50 "27 с M23 :50 Mann Barrer (36" Tong 500 20 13 18 р-41262 73 .60 Inc T36E2 .60 Mann Barrel (60" long) 500 20 13 11 naim 
و‎ Je aes (00 80^ API T39: 359:МаппВагге! (60! Long) 500 20 13 17 44ط‎ v 20mm HEI M97 20mm AC M3 500 20 13 7 р-41975 
шелі» Db ' ,00 ше T36E2 “60 Mann Barrel (60' long) 500 20 13 13 P-41263 1 20mm Inc M96 20mm AC M3 500 20 19 19 p- 41274 
| 2 ' o: ы  20ím ` HEI 7 ‚ 20шш АС МЗ 500 0 13 16 Р-41269 | 
DIN رہ وو ہہ‎ 'НЕГМӘТ 20mm АС МЗ 500 20 13 15 P-41280 کے‎ В. Engine 
есе а RN. ‚ 20mm. Inc M96 20mm АС МЗ 500 20 13 15 Р-41268 -- 7 
а. 9 Sem. „НЕ 8أ‎ 3cm АС Mk108 (Ger) . 200 20 13 7 2-0 1. Target: P-38 Engines, Front Below, Single Shot 
AAE | . 2, Target: P-38-Fuél Cells, Réar Above, Gasoline Filled j ans 50 API-T M20 -50 Mann Barrel (36" long) 500 20 13 8 р-40501 
м | NT um PONE IM. 7 = .50 API-T M20 50 Mann Barrel (36" long) 500 20 13 11 р-40502 
"E i > 3 = EC 50 API-T 0 50 Mann Barrei (36" 10 500 20 13 10  P-40503 
i E ay 750 API-T M20 .50 Mann Barrel (36! long), 500 20 13 15 р-41074 ; 50 API-T M20 (50 Mann Barrel ا‎ 155) 50 20 13 13 P-40504 
> > БОЕ и 50 API-T M20 50 Mann Barrel (36" long) 500 20 12 13 р-41247 жі 60 API T39 .60 Mann Barrel (60" long) 500 20 13 2 p-41002 
2.9 60 API T39 -60 Mann Barrel (60" long) 500 20 13 1 68ط‎ a .60 API 9 .60 Mann Barrel (60" long) 509 20 13 14  P-41008 
E | 40. АРІТЗӘ .60 Mann Barrel (60" long) 500 20 13 1 P-41079 8% .60 APT T39 -60 Mann Barrel (60" long) 500 20 18 4 р-41004 , 
i || 6 - | ۹۵ھ‎ .60 Mann Barrel (60" long) 500 20 13 12 P-41087 .60 API 9 .60 Mann Barrel (60" long) 500 20 13 4  P-41001 
aoe .60 API T39 .60 Mann Barrel (60' long) 500 20 13 11 8ط‎ 2 .60 Inc T36E2 .60 Mann Barrel (60" long) 500 20 13 8 Р-41005 
ы 60 Inc 42 .60 Mann Barrel (60" long) 500 20 13 4 Р-41089 a .60 Inc T36E2 -60 Mann Barrel (60" long) 500 20 13 9 6ط‎ 
шағы. Д 0 i Feces ом Бел и 0ط 25 13 2 52 کت‎ > .60 ' Ine T36E2 .60 Mann Barrel (62" long) 500 20 13 14 р-41007 
N: انی سے سج ج‎ с E2 Cs ann Barrel ong 00 2 13 2 P-41265* p. З 60 1 (60" 1 500 20 13 4  P-41008 
PM "fmm. HEI МӨТ 20mm AC M3 500 20 13 5 Р-41001 E 2 ома eee 
ТА! 20mm  HErM97 20mm АС МЗ 500 20 13 10 P-41090 : P- i b Single Shot 
E 20mm НЕТ M97 20mm АС M3 > 500 20 13 9 Р-41253 2. Target; Р-38 Engines, Rear Above, Single 
03 QE 20m Inc M96 20mm AC M3 500 20 13 4 -4 5 ] 
تو یو‎ | 20mm 6ط‎ 20mm АС МЗ 500 20 12 14 کی وا‎ 50 API-T M20 .50 Mann Barrel (36" long) 500 20 13 4 р-40505 
d Зет НЕ Mk108 Зет Mk108 (Ger.) 200 20 13 8 Р-41237 50 API-T M20 — .50 Mann Barrel (36" long) 500 20 13 11 8۔2‎ 
т it Зет HE 8 Зет МК108 (Ger.) 200 20 13 6 р-41256 ЕА .50 API-T M20 .50 Mann Barrel (36" long) 500 20 13 8 p-40509 
м! 37mm HE M54 37mm АС М9 500 20 13 11 р-41946 i .50 API-T M20 .50 Mann Barrel (36" long) 500 20 13 4 P-40510 
re 37mm НЕ M54 37mm AC M9 500 20 13 5 P-41260 .60 API T39 .60 Mann Barrel (60" long) 500 20 13 4  P-40518 
5 — ہس ما او کا جا‎ REN. Tapas = E УЕ کی ا‎ | .60 API 739 „60 Mann Barrel (60! long) 500 20 13 3 р-40996 
з: نی‎ 3, Target: В-25 Fuel Cells, Е { d .60 API T39 „66 Mann Barrel (60" long) 500 20 13 9 Р-40507 
E Е шалда PR مر‎ йара 60 APIT39 60 Mann Barrel (60'long) 500 20 13 8 р-40508 
ы” -------------------------------- جم‎ م٢‎ IIS. .60 Inc T36E2 .60 Mann Barrel (60" long) 500 20 13 10 „Р-40997 
| 50 API-T M20 .50 Mann Barrel (36! long) 500 20 13 21 P-40496 60 Inc 742 .60 Mann Barrel (60" long) 500 20 13 6  P-40508 
نت‎ s ue. АРТ M20 .50 Mann Barrel (36! long) 500 20 13 #8 р-41050 :60 Inc T36E2 160 Мапа Barrel (60" long 500 20 13 5 — p-40909 
at 89 АРІ Т99 50 Маги Barrel (60" long) 500 20 13 7 P-40497 -60 Inc T36E2 .60 Mann Barrel (60" long) 500 20 13 2  P-41000 
.60 АРІ T39 ‚ а60 Mann Barrel (60" leng) 500 20 13 18 2-1 = 
60 Inc 42 60 Mann Barrel (62" long) 500 20 13 2 р-40498 : 3. Target: B-25] Engine, Front Below, Single Shot 
TA e Ва -60 Mann Barrel (60" long) 500 20 13 8 P-41053 
. ст .60 Mann Barrel (60" lo: 50 APLT MO — .50 Mann Barrel (36" long) 50 مو‎ з 9  P-40432 
20mm НЕГ M97 А фи Сер x ie qa 50 API-T М20 .50 Mann Barrel (36 lon 50 20 13 9 р-40432 
20mm HEI M97 20mm AC M3 500 20 13 2 p- 41056 .50 API-T M20 ‚50 Mann Barrel (36" long) 0 2 13 7 8ظ‎ 
жуы пее 20mm АС M 500 20 13 2  P-41070 ' E 50 да e 20 Mann Pae رر‎ vel В 2 l 2 5 И 
душ ше моо zomm АС МЗ 500 20 13 8 р-41073 RS -T мех «су Mann пате Е 489 | 
k Partially Filled Celis ' Е ү 
— — 1 i ———— —— I 
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5. Target: B-25 Engines, Rear Below, Single Shot (cont’d) 


Total APG 


Ammunition Range Line of Fire 
Cal. Type Gun (yds) 0 deg. ó НИ FR. _ 
20mm | Inc 6 20mm AC M3 500 20 13 9  P-41016 
20mm Ілес M96 ` 20mm AC M3 500 20 13 9. P-41017 
3cm HÉ Mk108 3cm AC Mk108 (Сег.) 200 20 18 + P-41023 
Зет ‚Не Mk108 3cm AC МК108 (Ger.) 200 20- 13 2  P-41024 
37mm НЕ 4 37mm АС M9 500 20 13 3  P-41025 
37mm НЕ 4 37mm AC M9 500 20 13 3  P-41026 
75mm НЕ M48 75mm AC 71 100 20 13 1 р-41027 
75mm НЕ M48 75mm AC T13E1 100 20 13 2  P-41028 
105mm HE Mi 105mm AC T7 100 20 13 1  P-41029 
105mm HE Ml 105mm AC T7 100 20 13 2  P-41030 
6. Target: B-25 Engines, Rear Above, Single Shot 
.50 API-T M20 .50` Mann Barrel (36" Tong) 500 20 13 4 p-40082 
.50 АРТ-Т 0 .50 Mann Barrel (36" long) 500 20 13 5 Р-40087 
60 API T39 .60 Mann Barrel (60" long) 500 20 13 6 p-40085 
60 API T39 .60 Mann Barrel (60" long) 500 20 13 6  P-40086 
.60 Tne T36E2 „60 Mann Barrel (60" long) 500 20 13 7 р-40091 
.60 Inc T36E2 .60 Mann Barrel (60" long) 500 20 13 2  P-40092 
20mm HEI M97 20mm AC M2 500 20 13 3 48ھ‎ 
20mm НЕТ M97 20mm AC M2 500 20 13 4 р-40094 
20mm Inc M96 20mm AC M2 500 20 13 з  P-40097 
20mm 6 20mm AC M2 4 500 20 13 2 8ط‎ 
Зет НЕ 8 3cm АС МК108 (Ger.) 200 20 13 1  P-40101 
Зет НЕ 8 Зст АС МК108 (Сег.) 200 20 13 1  P-40102 
37mm НЕ M54 37mm AC M9 500 20 13 2  P-40099 
37mm НЕ 4 37mm АС М9 500 20 13 4 P-40100 
75mm HE M48 715mm АС Т1ЗЕ1 10 20 18 2 Р-40105 
75mm НЕ M48 75mm AC T13E1 100 20 13 2 P-40110 
105mm НЕМІ 105mm АС T7 100 20 13 1 Р-40106 
105mm НЕМІ 105mm AC T7 100 20 13 1  P-40111 


 —-— ————-————————‏ ل س 


7. Target: В-25 Engines, Front Below, Burst Fire «с 


------------------------------------- 


500 20 0 21 Р-40420 


.50 API-T M20 .50 AC HB M2 

.50 API-T M20 .50 AC HB M2 500 20 13 25 P-40456 
.50 АРІ-Т 0 .50 AC НВ M2 500 20 13 14  P-40457 
.60 API T39 .60 АС Т1ТЕЗ 500 20 13 6  P-40479 
60 ھ‎ 9 .60 AC Т17ЕЗ 500 20 13 15  P-40480 
‚60 Inc T36E2 .60 AC Т17ЕЗ 500 20 13 6 P-40481 
.60 Inc T36E2 .80 AC T17ES 500 20 13 13 p-40482 
20mm HEI M97 20mm AC M3 500 20 13 9  P-40458 
20mm HEI M97 20mm AC M3 500 20 13 8 P-40453 
20mm Inc M96 20mm AC M1A2 500 20 13 9 р-40459 
20mm | Inc M96 20mm AC 2 ا‎ 20 13 pa Бош 
S7mn HE ME 37mm AC M1A2 5 20. 3 8ؤ‎ 
Hu Вени 37mm АС M1A2 500 20 13 2  P-40462 


37mm НЕ М54 
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°з; Target: я B-25] Engine, Front „Below, Single Shot (сегна e 


1 = „ч 


--Rmnge- Line of Fire’ Total, APG‏ سے سو سے سے 


а تی‎ —fadinunition- 

Mica Е type 72322 бш 77 . (yds) © deg.. Ø Hits FR. 
60 . "APITS39^ < .60 Мапа Варгей(60" long) 500 20 13 14 Р-40434 
"E -dBD' « . API'T39 .€ Mann Barrel.(60" long) 500 20 13 9 р-40435 
га 60. . APLT39 .60 Мапп‹Вагге1 (60" long) 500 20 13 ` 11 Р-40469 
. 60, *-АРЇТЗ9 .60 Mann Barrel (60° Jong) 500 20 13 8  P-40470 
е 0 Јас 2۵۵۵29 `.60 Marih-Barrel (60! Лопе) 500 20 18 12 > р-40436 
07.9.80... ° Ine T36E2 .60 Mann:Barrel.(60" long) 500 20 13 6 Р-40437 
ЯС 40887002022 0 л Inc T96E2 :60 Mann Barrel-(60" long) 500. 20 13 10  P-40471 
Ж 47248 ` 60... 2ع و‎ .60 Мапа Barrel (60" long) 500 20 13 17  P-40472 
BI CQ T 20mm ^ HEI M97 20mm AC M3 500 20 13 6 p-40441 
о Е u 20mm: HEI M97 ‚ 20mm АС M3 500 2 13 3 р-40442 
СК те 20mm 87 20mm АС МЗ 500 20 13 9  P-40473 
ec 's x» ә ^ 20mm 9 ۳ 20mm AC M3 500 20 13 4 p-40474 
تہ‎ 20mm M96. 20mm АС МЗ 500 20 13 3  P-40439 
ہی‎ aad е, 20mm Inc 6 20mm АС МЗ 500 20 13 12  P-40440 
а A 20mm Iné 6 20mm M3 500 55 15 7^ 65ھ‎ 
سے‎ == mm „Лос. MOR. - 20mm АС МЗ 500 20 13 8 p-40476 
HEME. За KOEKIN (Ser. 22: 20 13 4  P-40450 
НЕ 8 Зет АС Mk108 (Сег.) 200 20 13 6  P-40451 
НЕ мк108 - ^ Ber AC МК108(Сег.) 200 20 13 в — D-40452 
НЕ Mk108 3cm AC (۸108 (Ger.) 200 29 12 £ F-80454 
НЕН 37mm НЕ 4 37mm АС М9 қап 2n 14 з -40402 
CRS es „ш imme онкомва 57mm AC МО ow! E Де 4 D-40442 
|: ‘37mm ВЕ M54 37mm AC M9 500 20 18 1 р-40444 
ШОП 37mm НЕ 4 37mm АС МО 500 20 13 4  P-40483 
37mm НЕ M54 37mm AC M9 500 29 13 2 Р-40484 
76mm НЕ M48 75mm AC 71 100 20 13 1  P-40449 
75mm HE M48 75mm 71ھ‎ 100 20 13 1 Р-40485 
‘mm НЕ 8 75mm АС 171 100 20 13 1  P-40406 
105mm НЕ Мі 105mm 7 100 20 13 1  P-40448 

4, Target: В-25] Engines, Front Above, Single Shot 
API-T M20 .50 Mann Barrel (36" long) 500 20 13 3  P-41080 
API-T M20 .50 Mann Barrel (36" long) 500 20 12 12 РрР-41081 
HFT M97 20mm ДО МЗ 509 20 13 6 P-41084 
НЕТ M97 20mm АС МЗ 500 20 13 5 р-41083 
Inc 6 20mm an ма 500 20 13 . 5  P-41085 
Inc 6 20mm АС МЗ 500 20 13 5 р-41086 


----------- << li ла оо Ма 
5. Target: B-25 Engines, Г.еаг Below, Single Shot 


API- T M20 


.50 Mann Barrel (36" long) 500 20 13 т Б-41011 

API-T 0 .50 Mann Barrel (36' long) 500 20 13 1€ F-40515 
APIT39 -60 Mann Barrel (60" long) 500 20 13 4 Р-41009 
API T39 -60 Mann Barrel (60" long) 500 20 18 2  P-41010 
Inc T38E2 „60 Маша Barrel (60" long) 500 20 13 4 Р-41012 
EBS Teens . Mann Barrel (80" ong) 509 20 13 2 P-41013 
` HEI 7 20mrn АС M3 509 20 13 3 P-41014 
HEI M97 20mm AC МЗ 500 20 13 8  P-41015 


00 —————_—_—_——_————_————————— د 
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1. Target: В-25) Fuselage and Wings, Front Below (cont'd) 


Ammunition Ф „кае LineofFire Total APG 

Cal. Type . Gun (yds) ° 0 deg. Ø . Hits F.R. ; “Фе 

Зеш . НЕ Mk108 Зет (۸108 (Ger.) 200 „°20 13 17  P-41266 ' Sae *y 

Зст НЕ Мк108 3cm МК108 (Сег.) 20% „21 13 20 P-41257 ча ° 

3cm НЕ 8 Зет Mk108 (бег.) 200 “20 18 P-41445 е e 

3cm HE Mk108 3cm МК108 (Ger) ° ° P-41452 ее 

37mm НЕ M54 ' 37mm АМ-М9 500 . 22  .12 . 18  P-41238 ' *! 

75mm НЕ M48 75mm ۲181 ‚ 100 ` ж 13 4 Р-41954 . ° 

НЕ M48 75mm ۳181 .10° 2 1з 7 P-41249 а. e|‏ صس5؟ 
Terget: B- -25) Fuselage and Wings, Rear Above, 0 i ^t. * e‏ .2 

% 2. 2.1. CI e • Mars 

.50 API-T M20 , .50 Mann Barrel (36" long) °° 500 7,20 15 214  P-40006 e 

.50 API-T M20 .50 Mann Barrel (36" long) ( ; 500 , 20 13, 220  P-40488 Е ME 

.60 API T39 .60 Mann Barrel(60'long) , 500 20 13 ° 181  P-40495 Фе 

.0 APIT39 ® .60 Mann Barrel (60" long) *' 500 20 15 161 р-40М2 е 

60 Inc 2 .60 Mann Barrel (60" long) 500 20 13 147 + P-40500 ° 

.60 Ine T36E2 .60 Mann Barrel (60" long) € 500 .30 13 98 р-40419 

20mm HEI М97. 20mm AN-M2 5. 20 13 78 Р-40427 

20mm НЕІ M97 20mm AN-M2 50 A 13 97 р-4054 > %: 

20mm 7 20mm АМ-М2 50 20 18 57 Р-41088 i 

20mm Inc M96 20mm (T31) AC M3: 500 — 0و‎ 13 58 Р-40431 SENE 

20mm Inc M96 20mm (T31) AC МЗ. 50 29 13 112  P-41018 . 

3cm HE 8 3cm АС МЕ108 (бег) ° 200° 20 13 26 Р-40447 MES 

Зет НЕ мк108 ` 3cm AC Mk108(Ger.) ,* 200 20 13 16 Р-41037 s 

37mm НЕ 4 37mm AC M9 * 500 , 20 13 31  P-40455 ә” 

37mm НЕ M54 ,. 37mm АС М9 4500 9Ф 13 26 — P-41042 

75mm НЕ M48 75mm АС 71 27100,2 13 9 р-40466 

тот НЕ M48 "5:1 АС 71821 * 100 ,°20 13 7  P-40405. 

105mm НЕМ. 105mm T7 100' 20 13 6 09 


ibas NTIAL 


` Line-of Fire 
_0 deg. 0. 


тоа 
Hits 


; API-T M20 50 Mann Barrel (36 tông) · 500 19 13 5 р-40113 
150 Асти M20 < 9:59/Магіп Barrel, (36" long) 50 20 13 4  P-40114 
60. ` .API-T M20. .50 Mann Barrel.(36" long) 500 20 18 9 р-4045 
150 oe  API-T М20° 50 ManmBarrer(36 long) 500 20 13 1 Р-40116 
8 APL T39: .60 Mann Barrél (60! long) 500 20 13 2 р-40422 
607 ۸۶189 š 60: Mann-Bafrel (60" long) 500 20 13 з Б-40423 
80-2 ino T36E2 . .60 Mann Barrel (60" long) 500 20 13 2  7P-40424 
` 60 Tne с ТЗбЕд _ 66 Mann Barrel (60" long) 500 20 18 8 р-40425 
20mm НЕГМӘТ . - 20mm.AC M3 | 500 20 13 11 P-40489 
20mm. ` НЕГ 7 20mm AÇ МЗ 500 20 13 3  P-40490 
^20mm ۰ M96 20mm АС МЗ 500 20 13 8 р-40491 
-20mm ` ‘Inc M96 20mm АС МЗ - 500 20 13 8  P-40492 
37min ^ НЕ Mo4 — “37mm АС мо. 500 20 13 P-40493 


За HE M54 , 37mm АС МО 500 20 13 D-40494 


j 9. Target: P-59 Engine, Jet Units (GE 67 рата Front 


50. "арт M20 — .50 Mann-Barrel (36" long) 500 20 4 5 р-41095 
.50 ҚЫ-Т M2% .50 Mann Barrei (36" long) 500 20 P-41094 
.50 ۸9 .50 Mann Barrel (36" long) 500 20 4 7  P-41233 
507 . ne M23 .50 Mann Barrel (36" long) 500 20 4 9  P-41231 
` 20mm | ҢЕІ-М97 P-41433 

20mm НЕТ МӨ? P-41435 


3cm НЕ 8 Зст.АС Mk108.(Ger.) 100 20 4 2 р-41432 


10.. Target: P-59 Engine (GE 1-16 Turbo Jet) Rear 


50, — APP M20 .50 Mann Parrel(30"long 500 20 


I 3 7 P-40511 
=: ‚50 API-T M20 50 Mann Barrel (36" long) 500 20 0 9 Р-41092 
.50- API T49 50 Mann Barrel (36" long) 500 20 0 3 р-41235 

Inc M23 .50 Mann Barrel (36" long) 500 20 0 1  P-41230.‏ 0ء 
Inc M23 .50 Mann Barrel (36" long) 500 20 0 3  P-41236‏ .50 
 P-41432‏ 1 0 


20mmm HEI M97 20mm AC M3 200 20 


С. Structures 
` J. Target: B-25] Fuselage and Wings, Front Below 


50 API-T ۵ .50 Mann Barrel (36! long) 500 20 12 210 р-41048 
„Во АРІ T33 . .60 Mann Barrel (60" long) 500 20 12 113 P-41075 
.60 Inc T36E2, .60 Mann Barrel (60" long) 500 29 12 P-41437 
.80 lié T3652 „60 Mann Barrel (60" long) 500 21 12 106 р-41082 
20mm ْ 7 20mm АС МЗ 500 20 13 64  P-41273 
20mm НЕТ M97 20mm АС МЗ 500 19 13 47 P-41282 
20mm HELM97 20mm АС МЗ 590 20 13 57 Р-41088 
—BOmm. e M98 - 20mm. АС МЗ 500 21 12 82 Р-41093 
20mm mc M96 20mm AC M3 500 19 13 80 P-41267 
3cm - НЕ 8 3cm МК108 (Ger.) 200 20 12 24 р-41232 
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Figure B2b - R-2600 Cylinder Cross Section 
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Figure B3 - R-2600 Engine Accessories 
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Figure B1 - В-25 Aircraft Set Up For Firing Against Running Engines Front, 
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Figure B5 - Cal. .50, API-T, M20 Ammunition Against Front of P-38 Running Engine. 


CONFIDENTIAL 


eee, 


— 0-0 
EN 


° 
4 


i 


n 
b 
— رر‎ 


e س کک‎ а 


v 


nn 
— jy... 


ا3 


| [TTE 


Pu F 122 | CONFIDENTIAL __. : 
ы. 
ا تر‎ (же 
g END с 
сен 
uci RM 
ps 
Е 
dd Ў i | SELF-SEALING 
ME cs OIL CELL 
| OIL LEVEL 
P INDICATOR ROD 
00 91. COOLERS 
: г райы са 27 | FILLER САР 
لت‎ % 
۱ 5 
» MS (ӨЗ А 


Í 


КЕ Р PROPELLER 
А ۷٤۷ 
A ||. qu PUMP. Te 
“Е ل‎ W x 
FIDE 
A ا‎ | v +: T. 
` г, % 55 سے‎ 
2 2- M ۱ 
22%, % : = 


› Olt. TEMPERATURE 
BULB CONNECTION 


Дон. DILUTION 
DA „VALVE 


THERMOSTATIC 


VALVES 2 


SURGE ж 
VANE 


Y-DRAIN 
VALVE 


OIL OUTLET 
DRAIM VALVE 


PROPELLER 
GOVERNOR 


B-25 OIL SYSTEM | 
Figure B4 - B-25 ОП System 
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Figure БЭ - Diagrammatic Installation.of/Turbo-Jet Engine for Jet Propulsion 1-16 Engineiin P-59 Fighter 
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Figure ВІЗ - P47 Aircraft With Auxiliary Tank Behind Sanrpile To Supply Gas For Running The Motor, 


——————————————————————————MMM À— —— 


CONFIDENTIAL 


\\ На 


4 5 ^ + 


1 H 


— —— m — 
—— и س س‎ БАЧА, ЧЕНИНИН 


4 


—— 


0 


—— € 
б 4 ^ 
ЕЕ ышы ы. 


— u. 
` 
„тшй 


ONFIDENTIAL 


Figure B12 - Three-quarter Rear Left View of Power Plant, I-16 Jet Engine. 
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i i с Operating chani 
1. Ой from Engine 5. Normal Load Oil Level Pet Cock 9, Oil Cooler Door Operating Mechanism 
2. Oil Tank Sump Drain 6. Oil Tank Drain 10. Oil to Engine 
3. Oil Tank 7. Oil Coolers 11. "Y" Drain 
4. Oil Tank Filler Neck 8. Oil Cooler Drains 12. Supercharger Regulator 
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Figure B16 - Oil System, P47D-15-RE to P47D-25-RE, 
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TABLES RELATING ТО ENGINE ПАМАСЕ 
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Figure B18 - 259 Aircrait Running Units, 
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C3. Single Shot Engine Damage for P- 38 Engine 
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Cé. Single Shot Engine Damage for B-25 Engine 
. Rear 6 Above 9 = 20, 0 = 13 
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Descriptton of-Damage 


Main fuel filter shattered, large fire, E 
Gear case housing, 1- 1⁄2: hole, E 
Gear case-alr Vent, 1/4" hole, р, 
#8 апа #5 burner alr adapter el- ` 
bow cut-open, small fire. 

#7 bürner, #6 burner elbow blow out. 
Corê end freements:cut-fucl-mani - 
fold pigtail and #2 burner, also explosion. ба 
Соге severed: main fuel high pressure DN 
Иле. 

Hole їй tailpipe and severed ther- 

mocouple-wire. у 
Ноїе.їп tallpÍpe; cumulative fire, 
Severed pigtall and hole in #8 burner. 
1/2" hole #3.burner, 

2-1/2" x 1-1/2" hole #6 burner апа... 
severed рай, medium Яге. 


| 
ж 
Low Pressure fuel line си:50%, Дари 


Electrical leads to starter out by frag- 


Gear саза breather line cut 75% by 
iragmenis. 

122/2" 2.2" hole in compressor 
casing cutting vane. 
Pierced 90 pressure line to bearing. 
1" hole in #4 burner. 
Turbine buckets bent, 3 
Fragments cut 1/2-dia. hole.in.com- 
pressor casing. 
Fragments severed high pressure fuel 
line. 
Fragments made 1" x 1/8" hole in main 
oll line. 
Fragments severed:high pressure fuel 
line large fire. + 
Fragments severed 25% low pressure 
‘fuel line. 
Small hole їп #1 and #2 burners, м 
Hole 4" x 2" Iñ #6 burner and 9" x 10" hole 
їп #7 burner, Fire resulted in 2 min, 
Severed pigtail and 4" x ¢" hole #6 burner 
and 3" hole #7 burner, large йге. 


Fragments cut open high and low.Pres- 
sure fuel line, 

Fragments 50% severed fuel line to fuel 
booster, medium fire, 

Turbine buckets 90% dented and one 
broken, fire. 

#3 and #4 burners torn open, : medium fire, 


#7, 48, #9 burners torn open, 
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TABLE 1 
Single Shot Damagé to I-16 Jet-Engine 
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Line of ASSeSSment 
Fire A B 0 
Front К 100 - 
Е K 100 т 
Е 0 0 0 
F 0 0 0 
Е к 100 - 
Веаг 0 62 0 
к к 100 - 
в “к 100 - 
R 0 0 0 
R 0 0 0 
в к 100 - 
в 2 —9.- € 
В K 100-_-. 
Front 0 0 
F 0 0 0 
г 2 $t v 
Е 0 Бо 
Rear 0 о O 
R 0 50 0 
Front 0 0 0 
Е K 100 - 
F 0 15 0 
Е к 100 - 
Е K 10 - 
Вет 0 0 ° 
R 100 100 - 
к 10 - 
Front К 10 - 
Е K 10 - 


Cal. .50.API-T, M20 
Rd. 1 
ва. 2 
на. 3 
‚Ва..4 
Rd. 5: 


line ог Number P Probability‏ < روز 
Fire Eits Kills Sum of Damage of а ҚЫР‏ 

^R — ا‎ 
° B 


Са}. 0.50 API-T, M20 Front 
. Rear., 


Оа1„ 0.50-APL 749 Fioht^ ~ 
E e Rear 
Cal. 0.50 ING, M23 Front 


Cal. .50 АРІ, 749 
Rd. 1 


! 


га 
8:89 


е 
0 
њ وج سر‎ 


Rd. 2 


° Om, НЕТ, M97 Front 


Са]. .50 Inc., M23 * 
Rd. 1 
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Rd. 2 
Rd. 1 
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'Sem. HE MK108* 


Rd. 1 с 
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* Engine not running. 
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Figure D1 - B-25 Fuel System. | 
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FIGURE с: 
WING TOP VIEW, :8-25 


Figure G2:- Angles of Personnel Protection Р-47, 
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CALCULATION OF RELATIVE PRESENTED AREAS 


A view of the P-47 model in the aspect employed in the vulnerability computations of the body-of this 
report is shown in Fig. Hl. Figures H2, H3, and H4 show three aspects of the B-25 model. The areas pre- 
sented to impact by the various components are tabulated in Table 1. Fig. H2 shows the aspect used in 
the overall vulnerability computations in the body of this report. 

The presented area for the В-25 from the rear and above presented in Table H1 considers only the 
first surface hit by the projectile. If no masking of these areas by other surfaces, such as tail surfaces, 
is assumed, a larger overall value (298 Sq. ft.) is-obtained, 
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Figure_B3 -. Modcl:-Photograph-For-Getting:Projected-Areas Of The B-25, Rear-and Below, 0- =.20°, g = 13°, 
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Figure Hi - Model-Photograph For Getting Projected Areas Of The P= 


47, Front and Below, 8 = 20°, 9 20%, 


Figure H4 ~ Model Photograph For Getting Projected-Areas Of The B-25, Front and Below, Ө = 20°, g = 13°, 
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COMMENTS ON THE LIMITATIONS OF ATTACKS, ON-BOMBERS.BY FIXED GUN FIGHTERS 


ред Below ent; "Level Front, Above | Frònt, Below 


f--13 0=0°, 0-0° 0.5 0, Й=-13° 10-20", 3‏ ,29820 102 رود 
Sq. ft. Rela Sai Re Ба, fc po 15 q: ft ft. is ela- Sq. ft. pear - 1. А simple example of Ше relationship between type of armament installation and tactics is the‏ 
.tive 7” DX tive ° k tive ; lives tive case of the fixed gun fighter. In.order to keep:the bomber continuously under fire, the-fighter is con-‏ : 
қ Area ` Àrea ^.^ ^. Area Arex Area‏ 
rd " \ 004 ° °з 1 307 48 % i ü 7 ú d аа strained to fly а pursuit-type Course, Such a écurse has the characteristic that the radius of curvature of‏ 
те ra‏ کک کی ud E: : К - 211. ВЕЩА ` 0 —...040,, ы, at Z‏ 
Е: 2 5 94 59020 9 А: 030 19 .0 $e © "088^ 29. “088 the path which the fighter must Пу becomes smaller and Smaller, in general, às tlie fighter nears the‏ 
Бат“ 9, 1026 0 10.  .000. 49 ,.008 4 ^22 + .088 bomber, There is a region broadside of the bomber within which the accelerations required of the fighter‏ 7 وو مد سیر : 
Роки в d & .023 9 .030 :0 000 16 4 17 .069‏ 
Ж x F 5 3 .012 . 12 -,036 ` 0 .000 10 034 12 “047 оп а. gun: bearing course аге 50 great that the bomber cannot be kept under continuous fire in this region,‏ 
Acceleration Limits оп Ше Fighter:‏ .2 029. 7 026.` 8 000 0 2 044. 5 09 : 10 .#6 
-F 7 11 , 2043 18  ,.054 0` -.000 12  .040. 28 ..0:8 1 zun Я i i‏ 
EE `.000 9 028 6 „022 а. А fixed gun fighter attacking.a bomber must fly what is termed a pursuit course. Typical‏ 4ء .15 = 035. 9 8 o F‏ : 
ids Б 7 < 5031. | oe 0 .009 3: .0 ` 6 .022 shape of a pursuit course relative to the bomber is shown in Figure Ji. As the-range shortens, the curva-‏ 
š : К 9.  .026- 0 . š р‏ 
ЗЕ. И 25 .020 - 3 “010° 0: pen à eec : em ture of the fighter's рай increases, in general, the lift force required to hold the fighter on course in- _‏ 
 .016 -3 .009 6 .022 creases and finally a value of radial acceleration is reached which exceeds either the pilot'S ability to re-‏ ق8 и 5 ` 6 s : er‏ 9 
е ыш у R si 5 2 1 0 Š "T К‏ 
а 27 МЗ ы 40437: 8. Ds Б БА 8 p - 5 ne main conscious, or the fighters ability to obtain the required lift fcrce from -its-wings. Tests of a P-47‏ 
d * E 7‏ * * ~ 9 * 
т E 5 po E. .023 9 .049 9  .028 10 .038 fighter attacking a B-29 bomber in New Mexico indicated a maximum acceleration attained by attacking‏ 
Y > : . 040 8 А‏ 
fighters of 3.5g 2.26000 ft altitude and 2.85 at 32000 altitude.‏ وہ M: М - о‏ و وت WS a‏ 
M д a ne ub 045 718 103 13 .043 11 1043: b. То estimate the limits imposed by this acceleration maximum, the following procedure is‏ 
ме 10 :039 i "i 2 [o à oe s pis carried out. Conditions are idealized to the assumptions that the bomber flies an unaccelerated course,‏ 
S% ы n ; p 3 -030 8 .046 9 .031 6 2022 the fighter flies at constant speed, the action takes place їп a plane, the fighter's rounds travel at constant‏ 
W 12 4 ° 1016 ‚4 po 3 1027 : jo 4 pe Speed along straight line irajectories, and the fighter flies in the direction in which its guns»point, with no‏ ۔ 
С т. C i 429 2 :013 13 :043 2 2008 mush, skid, or slip. Then using the notation of Figure J2, the angular velocity-w _ of the-fightar’s Une-of‏ 5 
^ : 040. 12 021.. 3 044. . ; 
Near на 14 5 9 .030 Š `.013 15  .048 à jon sight is‏ 
(v sin a о V sin À yr (1)‏ = @ 068 17 2034 0 1091 3 0%. 13 008 


2 * , , 
97 1.009 333 1.000 175 1.000 299 1.000 . 231 1.000 Where r is present slant range, a, is angle off the bomber’s nose, 7 is fighter’s air speed, % is bomber’s 


: » id | 
Nearzacelle E ir speed, and А is lead angle. 


| Far nacelle 4 Oe pr 116 20 114 19 (063 28 .113 If lead angle is continuously and correctly computed 
зо ا‎ „116 19 — .108 20 .004 19 ом sin А =з, simu, (2) 
fuel tank 20 -078 8 А í 7 j 
hM - Far main | Ж; ° 9и 11 .037 f 028 where V, is average projectile air speed. Id а İS average projectile velocity relative фо the fighter 
да » fueltank 18 01 14 .040 6 
НЕ š Near aux, ۱ -034 3 1 0 000 ЖА? zd š (3) 
қ fuel tank 16 .063 5 .01 ۱ 
i . Far aux.. лр 4 -023 10 -034 5 .021 For lead angles 15° and less it is satisfactory to write sin А-= А Then : 
fuel tank 5 .060 13 038 4 (093 9 8 о 00 № = (v/v) cos @ Ф 903 
b a са n جوم‎ К Қ 
The fighter’s rate of turn is | 
о = + X (5) 
p ° 
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77 ا یت‎ acceleration produced. by flight path 6نا ام‎ is 
Se š à = š 


d 73 ng Wah p sin а К Пе ^ ) í if 5 ) cos а Ч 7 (m)‏ مو 
ін y >? >‏ 

° | t 5 БА 

i | ҰЗ Erom Ea. (7) the абеёїагәдбп limits for: a 1200 mph fighter attacking а. 1000 mph -bombér have 
. —— 
se Беба роне tior < 3g,.4g, and 5g maximum: acceleration in: Figure 33. This-figu¥e shows limits "When ще” 
fighter takes по Геза: The ; Shaded'región. 15 ; that in which theiattack can be carried ош, 
277 d° whe ‘finite projectile veloéitjois. considered, the limits shown in Fig gure Jé arebtáihed, 7 The 


if thie projectile had the same.air: "speed as-the fighter (air 


FIGHTER'S PATH 
-RELATIVE ТО 
ВОМВЕН 


RE—— FIGHTER 
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PE 7 dorbi iden areas-decréase. їп Size, 


-аш bombing), 
F eu نے‎ the fighter's: ранно 


ще “be a- straight-line collision: сойтве and ihe acceleration limit would. disappear. 


e. The variation in size of the forbidden areas with, th aircraft speed is Shown in Figurésqaa , 15b, 
and Jê, ۔‎ E 2 ree 


are. » shinple 


22 case.of constant ; ant project He- velocity: They are © shown in. Figure 
ЕК ‘chosen, This is n is not.a limit inthe sense: employéa- Юг. the- acceleration. con- 


E a > .toufS, However, errors in computing Sights increase in. general 
computation, 0ھ‎ some sights have max 


FFF تہ ہے‎ => 
ith:the lead, sz d: 


„12 ALBI. اٹم‎ о read 


lead. limits inthe, ueignoorhood- -o£ 10-15", 


COS ‘Projectiles ‘возмо down, -P&piüiy-at these: high velocities, the curves of Figure 17 offer only a 
— Particularly beyond 1000 yards Гапре. | 


1 1 آک1‎ LOC 

Combined Lead and’ Acceleration Limits: The 5‏ 4 وت 

TE š $ have-been combined; sain n Figure 18. It.is indicated that. 
x ` 


~ ۔۔‎ Othe "bomber. 


€ acceleration contours and the 10° lead contours | 
at these high speeds continuous attack is Possible 


down - in-aitacksin the "bóniber's tail cone the fighter is effackyoly-fintnm-ints à very 


: д I ве reialivetó the fighter which its rounds 
übbose that! thest “bomber and “tighter are flying a distance r yards apart,.and-_both.at.the-come 
" | speed, Lett, . De" bullet time of-flight, Then-a round fired_hv. the-fighter-travels-an air distance 


Е Е P =2 / wt. (8) 


to reach the bomber, If the round’s velocity drops to 
the bomber. 


А Using Sterne's formulae in somewhat different notation, the remaining velocity of the round relative 
to the air v. is 


УЬ before it travels а distance P, it will not reach 
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(9) 
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and-v, is muzzle velocity, Coefficient "á'"is E 


00323 р [cy 


where P is relative,air density (1.06 at-sea-tevel) and Ce is ballistic coefficient, Units ave-to-be.yards and 


seconds, Time of flight is given by 
Z 1⁄2 
РА =u таш P з (11) 


and solving for the range г for which ve drops to the speed of the launching fighter У (ог the bomber 


when ур =? 


Vb = 


1/2 | 2 um | 


1/2 
аг = u, n - (v/v) 
Figure Jü-shóws Pr аз a function of muzzle velocity and ballistic: coefficient for fighter speed of 
1000 mph. The curves may be read directly for sea level conditions. For any other altitude the ordinates 
Should be divided by relative air density. Š 


Considering the requirement of reaching a range 2000 yards relative to the fighter, Figure J9b 
shows the combination of rnuzzle velocity and-ballistic coefficient required at sea level.and at 16,500 ft. 
For a given muzzle velocity, of course, large guns project their rounds to greater ranges from the fighter 
than small guns. В 

6. The foregoing is а brief survey of some of the limitations on the attack of a bomber by a fixed 
gun fighter at subsonic and supersonic velocities. Many other questions which naturally arise concerning 
effect of aerodynamic characteristics of the fighter, probability of hitting, terminal effect of rounds, etc., 
can be answered in extended studies which it is hoped will.be carried out as a part of the Optimum Caliber 
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EXTERIOR BA:LLISTICS OF ROUNDS 


1. The time of fligtit-and remaining velocities of the rounds considered in the body of this report 
are presented in the following series of figures as functions: of slant range measured from the muzzle of the 
moving gun. Target speed was taken as 450m. p.h. at a relative air density of 0.60. Computations are 
carried out for fire directly ahead and directly to the rear of the airplane carrying the gun, Where stan- 
dard firing tables were available for the rounds-they were used,. otherwise. the ballistic data was computed 
from the appropriate Siacci functions. H 

2. Figs. Klto K4 show time of flight and Figs. K5 to КВ show remaining velocity уз. range. 

3. The following table lists either the firing table used to obtain the plotted data or the ballistic 
coefficient used in its computation. 
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V = 3460 1/5 А Сут .232 

У =.2870 1/5 ЕТ 0.50-АС -Q.- 1 
У = 3480 1/8 Cg = .360 

У = 2750:8 FT20 AC -K -1 

v = 1650 f/s с, = ,306 

У = 2550 1/5 с, = .306 

У = 2000 £/s ЕТ 37 AC - AO-1 

А У = 2550 1/5 ` FT 37 AC - ВЕ -1 

У = 1970 #/s с, = 1.686 
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CAL, 0.50, M23 
CAL. 0.50, M2, API, M8 
CAL. 0.60, INC, T36, E2 


20MM, М1, HE, M97 


30MM, MARK 108 
30MM, MARK 103 
37MM, M4, HE, M54 
37MM, M9, HE, M54 
75MM, HE,.M48 


